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PREFACE 


The volumes of the International Library of Technology are 
made up of Instruction Papers, or Sections, comprising the 
various courses of instruction for students of the International 
Correspondence Schools. The original manuscripts are pre- 
pared by persons thoroughly qualified both technically and by 
experience to write with authority, and in many cases they are 
regularly employed elsewhere in practical work as experts. 
The manuscripts are then carefully edited to make them suit- 
able for correspondence instruction. The Instruction Papers 
are written clearly and in the simplest language possible, so as 
to make them readily understood by all students. Necessary 
technical expressions are clearly explained when introduced. 

The great majority of our students wish to prepare them- 
selves for advancement in their vocations or to qualify for 
more congenial occupations. Usually they are employed and 
able to devote only a few hours a day to study. Therefore 
every effort must be made to give them practical and accurate 
information in clear and concise form and to make this infor- 
mation include all of the essentials but none of the non- 
essentials. To make the text clear, illustrations are used 
freely. These illustrations are especially made by our own 
Illustrating Department in order to adapt them fully to the 
requirements of the text. 

In the table of contents that immediately follows are given 
the titles of the Sections included in this volume, and under 
each title are listed the main topics discussed. At the end of 
the volume will be found a complete index, so that any subject 
treated can be quickly found. 
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GEOMETRICAL DRAWING 


(PART 1) 


PRINCIPLES 


INTRODUCTION 


1. Drawing is the art of representing objects or ideas on 
a plane surface, as on a sheet of paper. Drawings are of two 
classes, according to the plan followed in making them. When 
drawings are made free hand, that is, without the use of instru- 
ments, they are freehand drawings; when they are made 
with, the aid of instruments they are mechanical drawings, 
or, as they are sometimes called, zustrumental drawings. The 
use of instruments results in greater accuracy than can be 
secured by the hand alone. 

Geometrical drawings are mechanical drawings for which 
the positions of lines must be determined from the principles 
of geometry. Geometry is the branch of mathematics that 
treats of space and its relations; it is the science of the relative, 
positions of points, lines, angles, surfaces, and solids. Geometri- 
cal processes are based on veason independent of measurement, 
construction, etc. Geometrical principles are absolutely true, 
and if one understands these principles, the correctness of a 
drawing will depend entirely on accuracy in the use of drawing 
instruments. Mensuration is the branch of mathematics 
that has to do with finding lengths of lines, areas of surfaces, 
and volumes of solids. 

2. In order that those who have no knowledge of geometry 
and mensuration can proceed intelligently with the drawing 
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work, definitions and explanations of such terms and proposi- 
tions as will be encountered are given in the following pages. 
These definitions are important and must be thoroughly 
understood. 


DEFINITIONS 


LINES 
3. A point indicates position only; it has no length, breadth, 
or thickness. It may be represented on paper by a dot. 
4. A line has one dimension only, namely, length; it may 
be straight, curved, or irregular. 


5. If the direction of a line does not change, it is a straight 
line, asin Fig. 1 (a); if the direction changes continually about 


(a) (b) (©) 


Fic. 1 


a point, or center, it is a curved line, as in Fig. 1 (b), where ab 
is the line and ¢ the center from which it was drawn. A line 
made up of straight lines having different directions, as in 
Fig. 1 (c), is called an irregular line. 


Q PE 
(a) Fic. 2 (b) 


6. A horizontal line, as the term is used in drawing, is 
a straight line running from left to right, or from right to left, 


without slanting either upwards or downwards. In Fig. 2 (a), 
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A Bb, CD, EF represent horizontal lines on a sheet of draw- 
ing paper MN PQ. These lines are parallel to the top and 
bottom edges of the sheet. 


7. Vertical lines with reference to the drawing paper 
MN P Q, Fig. 2 (b), are the straight lines AB, CD, EF 
running exactly up and down, without slanting to either the 
right or the left. : 

Parallel lines are those that are at an equal distance apar 
throughout their entire length, as the A 
horizontal lines in Fig. 2 (a) and the 
vertical lines in Fig. 2 (0). 


8. A line is perpendicular to an- 
other line when it meets it so as not to 
incline toward it on either side; for ex- 
ample, in Fig. 3, line A B is perpendicular to the horizontal 

line C D; however, for a line to be per- 
oe pendicular to another, it is not necessary that 
either line should be horizontal or vertical. 


Cc B D 


Fic. 3 


9. Oblique lines are lines that are 
neither vertical nor horizontal, as in Fig. 4. 
Such lines are frequently referred to as inclined lines. 


Fic. 4 


10. When two lines cross, or cut, each other as in Fig. 4, 
they are said to intersect. The point A at which they meet 
is the point of intersection. 


ANGLES 


11. An angie, Fig. 5 (a), is the opening between two 
straight lines that meet in a point. The two straight lines are 
the sides, and the point where the lines meet is the vertex 
of the angle. Thus, the straight lines O A and O & form an 
angle at the point O; the lines O A and O B are the sides of 
this angle, and the point O is its vertex. 

An angle is usually referred to by naming a letter on each 
of its sides and a third letter at the vertex, the letter at the 
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vertex being placed between the other two. Thus, the angle » 
in Fig. 5 (a) is called angle A O B or angle B OA: 

An angle may also be designated by a letter placed between 
its sides near the vertex. Thus, in Fig. 5 (b), the two angles 


Z 
¥; 


0) A Cc x 
(@) Fic. 5 (b) 


XC Yand Y CZ may be referred to as the angles A and B, 
respectively. 

An angle that stands alone, that is, an angle whose vertex 
is not the vertex of any other angle, may be designated by 
naming the letter at its vertex. For example, the angle in 
Fig. 5 (a) may be called angle O. 


12. Any angie may be thought of as being formed, or 
generated, by a line turning about the vertex as a pivot, from 
the position of one side to the position of the other. Thus, the 
angle A O B, Fig. 5 (a), may be conceived as generated by a 
line turning about O from the position O A to the position O B. 
The size of the angle does not depend on the length of the sides, 
which are supposed to be of indefinite length, but on the open- 

c ing between the sides; or, what is the 
same thing, on the amount of- turning 
necessary to bring one side to the po- 

4 —p sition of the other. 


13. If a straight line intersects an- 
other straight line, as AB and CD, 
Fig. 6, so that they are perpendicular tc 
each other, the angles formed by the 
lines are equal. Thus, in the figure, four right angles are 
formed about the point of intersection O, namely, BOC, COA, 
DOA, and DOB. From this it is evident that only four 
right angles can be formed around a given point. 


D 
Fic. 6 
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14, An oblique angle is any angle that is not a right 
angle. Suppose that the line O C, Fig. 6, is turned about the 
center O to the position shown in 


Fig. 7; two oblique angles, B O C and 
A OC, will then be formed. 
A B 


15. An acute angle is one that ” 
is less than a right angle. In Fig. 7, ee 
angle BOC is an acute angle. An obtuse angle is one that 
is greater than a right angle; thus, angle AOC, Fig. 7, is an 
obtuse angle. | 


‘PLANE FIGURES 


16. A surface is the exterior part of anything that has 
length, breadth, and thickness. A plane surface is a flat 
surface extending uniformly in one direction. A plane sur- 
face is often referred to simply as a plane. A plane surface 
has two dimensions only, length and breadth. The top sur- 
face of a body of water or of a table or the surface of the side 
walls of a room is a plane surface. A curved surface is a 


BIZ /O 


Triangle Square Quadrilateral Pentagon 
Hexagon Heptagon Octagon Decagon 
Fic. 8 


surface that is bent at all points so that no part is a straight 
line. The outside surface of a ball is a curved surface. 


17. A plane figure is a plane surface bounded by lines. 
Figures bounded by straight lines are called polygons. The 
bounding lines are called sides. 
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Polygons are named according to the number of their sides. 
A triangle has three sides; a quadrilateral, four; a pentagon, 
five; a hexagon, six; a heptagon, seven; an octagon, eight; 
and a decagon, ten. These polygons are illustrated in Fig. 8. 

A regular polygon is one in which all the sides and all the 
angles are equal. In the triangle shown in Fig. 8, the sides ab, 
ac, and bc are equal and all the angles are equal; hence, 
the triangle is a regular polygon. 

The perimeter of a polygon is the distance around its sides. 


TRIANGLES 
18. Triangles have three sides and three angles; they 
are named according to their sides as tsosceles, equilateral, and 


B 


A ; Cc A Cc 
(@) (b) (©) 
Fic. 9 


scalene triangles; and according to their angles, as right-angled 
and oblique-angled triangles. 


19. An isosceles triangle, Fig. 9 (a), is one having two 
of its sides equal. An equilateral triangle, Fig. 9 (b), is 
one having all three of its sides equal; it is also an isosceles 


B 


ay 


(@) Fic. 10 (b) 


triangle, because two of its sides are equal. A sealene, or 
oblique, triangle, Fig. 9 (c), is one having no right angle. 


$ 13 GEOMETRICAL DRAWING ¢ 


20. The base of any triangle is the side on which the tri- 
angle is considered to stand; any side may be considered as the 
base. In Fig. 9 (6) and (c), the line A C is the base. 


21. The altitude, or height, of a triangle is the vertical 
distance between the vertex of the angle opposite the base 
and the base, or the base produced. In Fig. 10 (a) and (6), Bis . 
the vertex of the angle formed by , 
intersection of the sides A B and 
BC; the side AC is the base, and 
B D is the altitude. In (6), AD 
is the base produced, or extended. 


Altitude or 
by Perpendicular , 


Fic. 11 


22. Aright-angled triangle, 
or right triangle, is a triangle having one right angle. In Fig. 11, 
the sides A B and BC forma right angle at 6. The side oppo- 
site the right angle, as A C, is the hypotenuse. 


QUADRILATERALS 


23. Parallelograms are quadrilaterals whose opposite 
sides are parallel and opposite angles are equal. There are 


Altitude» 


Square Rectangle Rhomboid Ahombus 
Fic. 12 


four kinds of parallelograms: the square, the rectangle, the 
rhomboid, and the rhombus, shown, respectively, in Fig. 12. 


24. <A diagonal of any parallelogram is a straight line 
joining opposite cor- 
ners, as shown at the 
left in Figs. 12 and 13. 


25. A quadri- 

Ls i a as es lateral with only two 

rae sides parallel is a 

trapezoid, and one with no two sides parallel is called a 
trapezium. These are shown in Fig. 13. 
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THE CIRCLE 


26. A circle is a plane figure enclosed by a curved line, 
called its circumference, every point of which is equally 
distant from a point within called 
itsecenter. In Fig. 14 are shown 
some of the principal parts of a 
circle. 


Diameter 5 
27. The diameter of a circle 


is a straight line passing through 
its center and terminated at both ~ 
ends by the circumference. The 
radius is one-half of the diame- 
ter. The plural of radius, that is, 
the form of the word meaning 
more than one radius, is radii. An are is any part of the cir- 
cumference. A chord is any straight line joining two points in 
the circumference. The part of the circle included between an 
arc and its chord is called asegment. A sector is the space 
between two radii and the arc joining them. If a circle is 
divided into halves, each half is called a semicircle and each 
arc is called a semicircumference. When a circle or its 
circumference is divided into four equal parts, each part is 
termed a quadrant. A tangent toa circle is a straight line 
that touches the circumference at one point only and stands 
perpendicular to the radius drawn to that point. 


(a) (6) 
Bre) 15: 


Oreum oferenc e 


Fic. 14 


28. When two or more circles are described from the same 
center, as a in Fig. 15 (a), they are concentric. 


§ 13 GEOMETRICAL DRAWING 9 


Two circles drawn from different centers, as a and b in 
Fig. 15 (b), are said to be eecentric. 


29. In the work of geometrical drawing, circles are drawn 
with compasses, as explained later. Such expressions as 


dad 


(a) Fic. 16 (b) 

describe a circle or describe an arc mean that these curves are 
to be drawn with the compasses. Any polygon drawn within 
a circle so that its corners lie in the circumference, as abc d, 
Fig. 16 (a), is said to be inscribed within the circle. Any 
polygon abcd, Fig. 16 (b), drawn on the outside of a circle 


so that all its sides touch the circumference, as shown at x, 
is said to be circum- 


scribed about the | Z 
circle. Similarly,a 
circle may be said to be 
inscribed in a polygon, 
as in Fig. 16 (6), or 
circumscribed about 
it, asin Fig. 16 (a). 


\* 
So 
Ss 


aN 
\w 
\ 


a veanfean hans 


30. Measuring 
Angles.—For the 
purpose of measuring 

. Fic. 17 
angles, the circumfer- 


ence of a circle is divided into 360 equal parts called degrees. 
A degree is, therefore, x¢0 of the circumference of a circle; and 
this is true whether the circle is large or small, as a degree is a 
proportionate part, not a measure of length. 
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If, as in Fig. 17, two lines oc and od are drawn from the 
center o of a circle and cutting its circumference, the number 
of degrees on that part of the circumference lying between the 
two lines is the measure of the angle between the lines. 

In Fig. 17, one-fourth of the circle is divided into spaces 
of 5 degrees each, and it is seen that the arc ab included 
between the lines oc and od contains seven of these spaces, 
or 35 degrees. 

As the lines o c and od are extended past the points a and 6, 
the distance between them constantly increases, and when 
they cut the arc cd, which is part of the circumference of a 
larger circle having the same center 0, the distance between 
them is much greater than where they cut the arc ab, but it 
is the same proportionate part of the circumference of the 
greater circle; that is, és, or 35 degrees. Therefore, the 
measure of the angle cod is the same whether measured on 
the arc of the large or the small circle. 

The measure of any angle is the number of degrees on 
the arc included between its two sides, the arc having the 
vertex of the angle as its center. 

For ordinary drawing work, degree and half-degree divisions 
give sufficient accuracy of measurement; but for extremely 
accurate mathematical work degrees are divided into 60ths, 
which are called minutes, and minutes are divided into 60ths, 
which are called seconds. 

In drawing practice, angles are measured or conveniently 
laid off by the use of a protractor, which is a graduated instru- 
ment showing degrees and one-half degrees. This drafting 
tool will be explained fully further on. The symbol for degrees 
is °, for minutes is ’, and for seconds is ’’; fifteen degrees 
twenty minutes and thirty seconds may be written 15° 20’ 30’. 


SOLIDS 
31. A solid is a body having three dimensions: length, 
breadth, and thickness. The more common forms of solids 
met with in engineering and drawing work are prisms, cylin- 
ders, cones, pyramids, and spheres. 
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32. Prisms and Cylinders.—A prism is a body whose 
ends are equal parallel polygons and whose sides are parallelo- 
grams, as shown in — 
Fig. 18 (a) and (b). | 
Prisms take their 
names from the 
shapes of their bases, 
or ends. ‘Thus, in 
Fig. 18 (a) the base 
of the prism is a tri- 
angle, and in (b) a 
hexagon, and the 
prisms are called, re- 
spectively, triangu- 
lar and hexagonal prisms. The intersections of the sides, or 
faces, of prisms, as x y, are called the edges. A rectangular 
prism is one whose ends are rectangles, as Fig. 19 (a). A cube 
is a prism whose ends and faces are square. 

A right prism is one whose sides are perpendicular to its 
base, as shown in Fig. 18 and Fig. 19 (a). The entire surface 
of a'solid is the area of all its sides and ends. 
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33. A cylinder is a round body of uniform diameter with 


Convex Surface 


|| 
Nl ine 
a Yr 
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circles for its ends, as shown in Fig. 19 (b) The curved surface 
of a cylinder is called its convex surface. 
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The altitude, or vertical height, of a prism or cylinder is 
the perpendicular distance between its two ends, as indicated 
in Fig. 19. 

The perimeter of a prism or a cylinder is the distance 


around its base. 
Vertex 


_Vertex 


__| Vertical Height F 


Pehtiacter of Bee Vorimeter of Bas? 
(a) (0) 
Fie. 20 
34, Pyramids and Cones.—A pyramid is a solid whose 
base is a polygon, and whose sides are triangles meeting in a 
common point, or vertex, as shown in Fig. 20 (a). A cone, 


(a) 
Fic. 21 


Fig. 20 (6), is a solid with a circular base, and whose convex 
surface tapers uniformly to a point called the vertex. The 
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altitude, or vertical height, of a pyramid or a cone is the per- 
pendicular distance from the vertex to the base. The slant 


Lower Base 
Fic. 22 


height of a pyramid is a line drawn from the vertex perpen- 
dicular to one of the sides of the base. 

The slant height of a cone is measured on a straight line 
drawn from the vertex to the circumference of the base. 


35. In the convex surfaces of cones and cylinders imaginary 
lines called elements are assumed to be drawn. These lines 
are often referred to in the problems relating to the cone and 
cylinder. The lines x’ y’ in Fig. 21 (a) and (b) are elements. 
The line x y in (c) is an intersection 
line, or edge line, and is not an ele- 
ment. 


36. Frustums of Pyramids 
or Cones.—-When a pyramid or a 
cone is cut by a plane parallel to its 
base, as in Fig. 22, the lower part is 
called the frustum of the pyra- 
mid or the frustum of the cone, as 
the case may be. Fic. 23 


37. The Sphere.—A sphere, Fig. 23, is a solid bounded 
by a uniformly curved surface, every point of which is equally 
distant from a point within, called its center. The term ball 
is often used instead of sphere. 


je) 
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DRAWING INSTRUMENTS AND THEIR USE 


DRAWING BOARD 


38. The drawing board should be made of well-seasoned, 
straight-grained pine, the grain running lengthwise. To avoid 
the tendency of the board to warp, the wood of which it is made 
is thoroughly dried before it is put together. But as wood 
absorbs moisture from the air, warping will not be avoided if 
the board is kept near a steve, radiator, or other source of heat. 
The tendency to warp can be counteracted to a considerable 
extent by the manner of constructing the board. 

A board similar to the one shown in Fig. 24, which is about 
21 inches long and 16 inches wide, can be recommended as 
meeting the requirements of all work in this Section. In the 
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making of such a board seasoned pine strips of the number 
necessary to make the required width of board are glued 
together. Two hardwood cleats are screwed to the back, to 
prevent the board from bending or warping, and as a further 
precaution grooves are cut on the back between the wooden 
strips in the direction of their length. These grooves reduce 
the tendency of the board to warp and do not materially affect 
its longitudinal strength. The cleats also raise the board from 
the table, thus making it easier to change the board to any 
required position. 

The drawing board should be so arranged that the drafts- 
man can do his work conveniently and to the best advantage. 
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If no drawing table is used, the best support for the board is 
a solid table of the form shown in Fig. 25. Usually, when in 
use, the board is placed so that one of its short edges is at the 
left of the draftsman and the board is inclined as shown. A 
block of wood or any- 
thing else may be used 
to tilt the board to 
the desired angle. 


T SQUARE 


39. Fordrawing =& i 
horizontal straight — 
lines, the T square 
shown in Fig. 25 is 
used in the position 
shown. The head A aus 
of the T square should be firmly held against the left edge of 
the drawing board, whether the short or the long side of the 
board is at the left. The T square must never be used against 
more than one edge of the board for the same drawing. In 
some of the geometrical drawing work required, it will be found 
that the board must be turned with the long side to the left. 
To draw a horizontal straight line, the blade 6 must be moved 
so that its edge C will be at the place where the line is to be 
drawn. Any number of parallel straight lines, as shown in 
Fig. 25, can be drawn by moving the blade the required distance. 


DRAWING PAPER 


40. The quality of drawing paper recommended for this 
series of drawing lessons is cold-pressed demy, a grade of 
paper of even grain and rather rough surface. It takes ink 
well and withstands considerable erasing. 


41. Fastening Drawing Paper.—The paper is fastened 
on the drawing board by means of thumbtacks, Fig. 26, 
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which are small tacks having a sharp point and a large flat 
head. When fastening a sheet of drawing paper on the drawing 
board, care must be taken to stretch it evenly, so that it will 
have no wrinkles. To do this, proceed as follows: Lay the 
paper on the drawing ,board with the edges parallel to, and 
equally distant from, the sides. Insert a thumbtack in the 
upper right-hand corner, about {inch from the edge of the paper, 
and press it in until the head bears evenly on the paper all 
around. Line the upper edge of the paper so that it is parallel 
with the ruling edge of the T-square blade. Then pull the paper 
by sliding the hand lightly and diagonally toward the lower left- 
hand corner, and, holding the paper there, press in another 
thumbtack, as before. Lay the left hand on the mid- 
dle of the sheet, slide it very lightly toward the upper 
we left-hand corner, and insert another tack. The fourth 
aa eg tack is inserted in the same way as the third, except 
that the left hand is slid from the center to the lower 
right-hand corner. If the paper is wrinkled or loose, it 
shows that it has been unevenly stretched, and the preceding 
operation must be repeated until the sheet lies flat and smooth 
on the board. 
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42. In damp weather the paper usually swells and becomes 
loose and wavy. In such cases a tack may be put in the mid- 
dle of each edge of the sheet, after the paper has been gently 
and evenly smoothed from the center to the middle of each edge. 
The tacks in the corners are then taken out and reinserted 
a little to one side of their former positions, after the sheet is 
evenly stretched toward each corner. By putting the four 
tacks in the middle of the sides first, the drawing will be kept 
in the same position on the board. This precaution is very 
important when a T square is used. 
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DRAWING PENCILS 


43. For drawing instrumental problems in pencil, a 4H 
pencil of any good make should be employed. The use of a 
pencil softer than this is not recom- 
mended, as the point of a soft pencil 
wears away so fast that accurate work 
cannot be done, and soft black marks 
rub off and soil the drawing. 

The pencil should be sharpened as 
shown in Fig. 27. Cut the wood away so 
as to leave about ¢ or 2 of an inch of the 
lead projecting; then sharpen it flat by 
rubbing it against a fine file or a piece 
of fine emery cloth or sandpaper that 
has been fastened to a flat stick. Grind 
it to a sharp edge like a knife blade, and 
round the corners very slightly, as shown 
in the figure. If sharpened to a round 
point,, Fig. 28, the lead will wear away 
very quickly and make broad lines, and 
unless the pencil is frequently sharpened it is difficult to draw 
a line exactly through a point. 
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—— 


TRIANGLES 


44. Triangles, or set squares, are used for drawing 
perpendiculars, angles, and parallel lines. The triangles most 
generally used are shown in Figs. 29 and 30. Each has one 
right angle, or 90° angle. The triangle shown in Fig. 29 has 
two angles of 45° each, and that in Fig. 30 one of 60° and one 
of 30°. They are called 45° and 60° triangles, respectively. 

To draw a vertical line, place the T square in position to draw 
a horizontal line, and lay the triangle against it, so as to form a 
right angle. Hold both T square and triangle lightly with the 
left hand, so as to keep them from slipping, and draw the line 
with the pen or pencil held in the right hand, and against the 
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edge of the triangle. Fig. 31 shows the triangles and T square 
in position. 


45. To draw parallel lines that are neither vertical 
nor horizontal. 

When the lines are near together, the best way is to place 
one edge of a triangle, as ab, Fig. 32, on the given line cd, 


Fic. 29 Fic. 30 


and lay the other triangle, as B, against one of the two edges, 
holding it fast by letting the left hand rest on it; then move 
the mie A along the edge of B. The edge ab will remain 

: : parallel to the line cd; and 
when the edge ab reaches 
a point, as g, through which 
it is desired to draw the 
parallel line, hold both tri- 
angles stationary with the 
left hand and draw the 
line e f by passing the pencil 
along the edgeab. Should 
the triangle A extend so far 
beyond the edge of the triangle B that the desired position 
cannot be reached, hold A stationary with the left hand and 
shift B along the edge of A with the right hand and then pro- 
ceed as before. 


iGo: 
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46. To draw a line at right angles to another line 
which is neither vertical nor horizontal. 
Let cd, Fig. 33, be the given line (shown at the left-hand 
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side). Place one of the shorter edges, as a b, of the triangle B 
so that it will coincide with the line cd; then, keeping the tri- 


angle in this position, place the triangle A so that its long edge 
will come against the long edge of B. Now, holding A securely 
in place with the left hand, slide 6 along the edge of A with 
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the right hand, and draw the lines h1, mn, etc. perpendicular 
to cd along the edge bf of the triangle B. The dotted lines 
show the position of the triangle B when moved along the 
edge of A. 


47. The right-hand portion of Fig. 33 shows another method 
of accomplishing the same result, and illustrates how the tri- 
angles may be used for drawing a rectangular figure when the 
sides of the figure make an angle with the T square such that 
the latter cannot be used. 

Let the side cd of the figure be given. Place the long side 
of the triangle B so as to coincide with the line cd, and bring 
the triangle A into position against the lower side of Bb, as 
shown. Now, holding the triangle A in place with the left 
hand, revolve B so that 
its other short edge will 
rest against the long edge 
of A, as shown in the 
dotted position at B’. 
The parallel lines ce 
and df may now be 
, drawn through the 
63 points c and d by sliding 
the triangle B on the tri- 
angle A, as described in 
connection with Fig. 32. Measure off the required width of 
the figure on the line ce, reverse the triangle B again to its 
original position, still holding the triangle A in a fixed position 
with the left hand, and slide B on A until the long edge of B 
passes through e. Draw the line ef through the point e, and 
ef will be parallel to cd. It is advisable to practice drawing 
lines that are parallel and perpendicular to each other with the 
triangles before beginning the drawing lessons that follow. 


6 
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48. To draw, by means of the triangles, a perpen- 
dicular to a line through a given point. 

In Fig. 34, ab is the given line to which it is required to 
draw a perpendicular through the point c. Place one tri- 
angle, as A, so that one leg, as 1-2, lies on the given line, while 
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the other leg, as 2-3, is a little to one side of the given point c, 
as shown by the dotted triangle. Place the other triangle B 
along the hypotenuse 1-3 of triangle A, as shown by the tri- 
angle 4-)-6. Now slide the triangle A along the side of B 
until the leg 2-3 lies on the point through which the perpen- 
dicular is to be drawn, as shown by the triangle 1’-2/-3’. A 
line drawn with the leg i 

2’-3' as a ruling edve will 
be the required perpen- 
dicular. 


49. A method that 
can be used when it is 
desired to draw a longer 
line than can be made by 
the preceding method is 
as follows: 

Let ab, Fig. 35, be the 
given line, and c the given 
point, which, in this prob- 
tent, ies on the line. 
First, place one triangle 
mpn so that the hypote- 
nuse mp will coincide 
with the line. Place one 
edge of the other tri- 
angle grs along mun, as shown. Hold triangle qgrs firmly in 
place and slide triangle mn p along qr a short distance, until 
it takes the position m’n’ p’. Hold m’n’ p’ firmly, and take 
the other triangle gr s and put it in the position q’r’ s’, with the 
short side in contact with m’ p’. A line drawn along q’r’ will be 
perpendicular to ab, and, by sliding triangle q'r’ s’ along m’ p’, 
the edge q'r’ may be made to pass through any required point. 
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50. Todraw, by means of the triangles, lines making 
angles of 30°, 45°, or 60° with a given line. 

There are several ways of doing this, all similar to those used 
for the drawing of perpendiculars. The following is one of the 
convenient methods: 
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Let ab, Fig. 36, be the line with which the required line is 
to make an angle of 30°. Place the 45° triangle so that one of 
its edges (preferably the hypotenuse) will coincide with a, 
and then slide it down along the edge of the other triangle until 
it takes the position mn p. Holding it firmly in this position, 
place the other triangle as shown by q’7’s’, that is, with the 
vertex of the right angle and that of the 30° angle against m n. 
By sliding q’7’s’ along mn, it is possible to make q's’ pass 
through any required point. Any line drawn along q's’, in 
any of the positions of triangle g’r’s’, will make an angle of 
30° with ab. Ifit is desired to have the angle opening toward 
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the right, triangle q’r’s’ must be turned over about q’r’; in 
other words, it should be so placed on myn that r’ will be at 
the right of s’. 

An angle of 60° may be drawn in a similar manner by placing 
the triangle q’ 7’ s’ so that 7’ and q’ willbe onmn. The method 
of drawing a 45° angle is the same, but in this case the 60° tri- 
angle will have to be used in the position mn p, and the 45° 
triangle in the position q’ 7’ s’. 

In using triangles, it is advisable not to allow one to extend 
more than half its length beyond the other, otherwise there 
will not be sufficient bearing surface and there will be a tendency 
for the triangles to rock, thereby making the work inaccurate. 


51. To divide the circumference of a circle into 
two, four, or eight equal parts. 

Any straight line, as a b, Fig. 37, drawn through the center o 
of a circle, will divide the circumference into halves. Another 
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line, as cd, drawn perpendicular to the first, will divide the 
circumference into fourths. Two other lines, as gh and ef, 
drawn through the center at an angle of 45° with a b, will divide 
the circumference into eighths. Each of the arcs ag, gc, etc. 
will be one-eighth of the circumference. 


52. To divide the circumference of a circle into six 
equal parts. 

There are two methods: 

The first method is to open the dividers equal to the radius 
of the circle and, beginning at any point on the circumference, 
step off the chord distances, as ae, ec, etc., Fig. 38. 

The second method is to draw a line, as a b, Fig. 38, through 
the center o of the circle, and then, with a 60° triangle, draw 
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lines cd and ef. These lines will intersect the circumference 
and divide it into six equal parts. 


53. Regular inscribed polygons are constructed by 
joining the points of division of an equally divided circle. 
Thus, Fig. 37 is a regular inscribed octagon, and Fig. 38 is 
a regular inscribed hexagon. To inscribe a regular polygon 
of any number of sides in a given circle, it is only necessary to 
divide the circumference of the circle into the required number 
of parts and join the points of division. 


54. To draw, with triangles, any angle that is the 
sum or the difference, or a combination of sums and 
(eo) 
differences, of the angles 90°, 60°, 45°, and 30°. 
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Certain angles may be laid off directly with the triangles, 
either singly or in combination. For example, if a line ac, 
Fig. 39, is to be drawn at an angle of 30° with fb, it may be 
laid off with the triangle shown in Fig. 30. If an angle bad 
of 75° is to be drawn from the point a on the line ab, it may 

be laid off by a combina- 
tion of the triangles shown 
in Figs. 29 and 30. Simi- 
larly, by drawing the line 
ae at an angle of 60° with 
the angle b ad, an angle of 
135° will be obtained. 

3» When the required angle 
is greater than 90°, it is 
more easily constructed by 

laying off an angle that is the difference between the required 
angle and 180°. Thus, in the preceding example, 45° is the 
difference between the required angle of 135° and 180°. By lay- 
ing off the line ae at an angle of 45° with a, an angle of 135° 
will be obtained. 


PROTRACTOR - 


55. <A protractor is a semicircular instrument used for 
laying off or measuring degrees when triangles cannot be used. 
It is made of celluloid or metal and is usually graduated to 
half degrees. The graduations are numbered from each side 
up to 180, the number of degrees in a half circle, for con- 
venience in laying off degrees on either the right or the left. 
A protractor with 360 divisions, representing half degrees, 
is shown in Fig. 40. In laying off angles, the protractor 
must be placed so that the line A B coincides with the line 
forming one side of the angle and the center O is at the vertex 
of the angle. 

For example, let it be required to draw a line making an angle 
of 54° with the line O B, Fig. 41. In this illustration the half- 
degree divisions are omitted for the purpose of showing the full- 
degree divisions more clearly. Place the protractor on the 
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line O 5, with the center at O. With a sharp-pointed pencil 
make a mark on the paper at the 54° division, as indicated 
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at C, and draw a line passing through O and C. This line will 
make an angle of 54° with OB. Greater exactness will be 
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secured by producing the base line O B to the left so that the 
zero mark on each end of the protractor will rest on it. 


Go 
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COMPASSES 


56. The compasses are an instrument used for taking or 
marking. measurements, subdividing distances, describing 
curves, etc. The compasses, next to the T square and the tri- 
angles, are used more than any other instrument. 

A common form of compasses is shown in Fig. 42. They 
consist of two legs joined at the top by means of a fork-shaped 
brace and held together by means 
of a screw. The fork carries a 
head for convenience in handling 
the instrument and both legs 
are hinged so that the points 
may be made to stand in a ver- 
tical position, which is necessary 
in drawing circles. The leg ais 
provided with a socket in which 
either the pencil point or the 
pen point b shown separately at 
the right may be inserted. The 
other leg is also provided with a 
socket for holding the needle 
| point c. In all good instru- 
[Ela ments, the needle point is ad- 
justable and consists of a round 
piece of steel of tapering form 
and having a sharp point. The 
lengthening bar d shown sepa- 
rately is used to extend the leg 
of the instrument when circles 
of large radii are to be drawn. 
The point e shown at the upper right-hand side of the illustra- 
tion is sometimes furnished with compasses so that they can 
be used as dividers. The point is inserted in the leg a instead 
of the pencil point. 


57. Use of Compasses.—The following suggestions for 
handling the compasses should be carefully observed by persons 
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who are beginning to learn how to use them. A drafts- 
man who handles his instruments awkwardly will create a 
bad impression, no matter how good a workman he may be. 
The tendency of beginners is to use both hands for operating 
the compasses. This should be avoided. The student should 
learn at the start to open and close them with one hand. To 
do this the needle-point leg should be held between the third 
and fourth fingers and the thumb and the other leg held between 
the first and second fingers, as shown in Fig. 48. With the com- 
passes held in this position, they are inclined sidewise until the 
side of the hand rests on the paper. This steadies the hand 
so that the needle point of the instrument may be brought to 
exactly the desired point. 
When this has been accom- 
plished the instrument is 
brought to an erect position, 
and the leg holding the pen- 
cil point is moved to the 
desired radius by the fingers 
between which it is held, 
after which the instrument is 
held by the head and oper- 
ated as shown in Fig. 44. 

The compasses must be 
handled in such a manner 
that the needle point will 
not make a large hole in the paper; for this reason use the 
needle point having a shoulder. In operating the instrument 
do not bear on the needle point, and keep it perpendicular 
to the paper, as shown in Fig. 44. A slight pressure on the 
pencil point is necessary. The point of the pencil should be 
sharpened like the one shown in Fig. 27, but its width should 
be narrower. Jt 7s important that the pencil point be securely 
fastened. If the pencil point is loose it will wabble and the 
curve will not be made with the same radius at all points. 
This can be tested by striking arcs of circles in both direc- 
tions. Ifthe pencil point is properly fixed in position the lines 
will coincide. 
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58. Dividers.—Although compasses may be used for 
laying off distances on a drawing or for dividing lines into equal 
parts, the dividers 
can be more con- 
veniently used for 
these purposes. The 
common form of di- 
viders is shown in 
». Fig.45. Dividers are 
| adjusted and then 
\ held by the head be- 
~ tween the thumb and 

forefinger the same 

as the compasses. 

In stepping off dis- 

tances, the instru- 

ment is turned alter- 
nately to the right 
and the left. If on 
stepping off equal 
Pe al we ere spaces on a line, it is 
found that the last 

ss space is not of exactly 
the same length as the first, the instrument must be adjusted, 
and this procedure must be repeated until the last space is of 
the same length as those preceding. In making these trial 
spacings, great care must be exercised not to press the divider 
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points into the paper. If the divider points are pressed into 
the paper, the spacing cannot be done accurately. 


59. Bow-Pencil and Bow-Pen.—The bow-pencil and 
bow-pen, shown respectively in Figs. 46 and 47, are small 
forms of compasses convenient for describing small circles. 
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Ordinarily the points of the instruments must be adjusted so 
that both legs are of the same length; but when very small 
circles are to be drawn, the 
needle point must be slightly 
the longer, so that when the 
point is in the paper the part 
of the leg above the paper is of 
the same length as the other 
leg, otherwise an exact circle 
cannot be drawn. 

To draw a circle of a given 
diameter, the instrument is 
adjusted approximately to the 
required radius. It is then 
placed in an upright position 
with the point resting on the 
paper and held by the fore- 
finger pressing lightly on its 
head. The finer adjustment is then made by turning the 
adjusting screw with the thumb and the middle finger of the 
same’ hand. 


60. Use of the Lengthening Bar.—When large circles 
are to be described, the lengthening bar d shown in connection 
with Fig. 42 must be used. The method of drawing circles by 
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the use of the lengthening bar is shown in Fig. 48. The length- 
ening bar is inserted in the socket of the upper part of the leg a 
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and the pen or pencil point is inserted in the socket at the lower 
end of the lengthening bar. In drawing circles when the 
lengthening bar is used, the pen point b and the needle point c¢ 
are held vertical to the plane of the paper, as shown in the 
illustration. In such cases the instrument is operated with both 
hands, as shown. 


61. Beam compasses are used for describing circles of 

very large radii. The instrument consists of a beam a, Fig. 49, 
along which the two 

zy ee eg pieces b and c slide; 

at 4 these pieces are pres 
vided with clamp 
screws by which 
they can be fixed on the beam. ‘The piece 6 carries a needle 
point, and at c either a pencil holder or a pen may be inserted. 
By fixing b and sliding c along the beam, the instrument may _ 
be set to any radius. Such a compass is not needed in the 
geometrical drawing work to follow. 


DRAWING INK AND PENS 


62. Drawing Ink.—The ink recommended for drawing 
work is waterproof liquid India ink. <A quill is attached to the 
cork of every bottle of this ink, by means of which the pen 
may be filled. The quill is dipped into the ink and the end 
then passed between the blades of the drawing pen. Not 
more ink than will fill the blades for a quarter of an inch along 
their length should be used; if too much is used, the ink is 
liable to drop and cause blots. The cork should be replaced 
in the bottle each time the pen is filled. 

Before drawing ink is used, the bottle should be well shaken, 
because some of the ingredients of the ink settle to the bottom, 
and if the ink is not well mixed the lines will appear gray. If 
ink becomes too thick it may be diluted by adding a solution 
composed of 1 ounce of water and 4 drops of aqua ammonia 
until the ink is of the proper consistency again. Pure water 
alone should not be used to dilute ink. India ink that has been 
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frozen cannot be used, as the lines will be very gray and indis 


tinct. 
when it is not in use. 

India ink dries quickly on a 
drawing, which is desirable, 
but it also dries quickly on 
the blades of the pen, which is 
not desirable, because it pre- 
vents the ink from flowing 
freely, especially when the pen 
is adjusted for fine lines. The 
only remedy is to wipe be- 
tween the blades frequently 
with a cloth. The blades 
should always be wiped out 


before the pen islaid downfor ~ 


any length of time. If the ink 
does not flow well, it may be 


The ink bottle should always be kept tightly corked 


—JIO 


TA 
«oT 
‘\ 
PARE 
~ 


\SS 
SS 
I 
a ee 


\ To 
S| 
Sonera = ei M 
= TAN 
Fic. 50 


started by moistening the end of the finger and touching it to 
the point or by drawing a slip of paper between the points 


of the blades. 


63. Ruling Pen.—For drawing ink lines other than ares 
of circles, the ruling pen shown in Fig. 50 is used. The width 
of line drawn and the flow of ink are controlled by a small screw, 

which adjusts the distance between the blades. 
The proper adjustment of the blades is shown 
in Fig. 51 (a) and the improper adjustment 


in (0b). 


It will be noticed that in (a) there is a 


greater volume of ink at the point of the nibs, 
which is a good feature, as the ink does not 
dry as fast as when there is a thin film at the 


points. 


If the nibs are brought very close 


together as shown in (b), the points are spread 


(a) (6) 
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so that they stand apart as shown in the 
illustration and are, therefore, liable to be 


injured, the flow of ink is retarded, and ragged, gray lines of 
irregular thickness will be formed. 
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When drawing pens become dull, the best plan is to send 
them to the dealer to be sharpened. The sharpening of pens 
is highly expert work, and dealers are generally willing to do it 
at a reasonable price. 


64. The ruling pen’should be held as nearly perpendicular 
to the board as possible; the hand should be in the position 
shown in Figs. 50 and 52 and should press the pen only lightly 
against the edge of the T square or triangle. If the pen is 
pressed hard against the edge, the blades will close, with the 
result that uneven lines will 
bemade. The edge of the T 
square or triangle should 
serve simply as a guide for 
the pen. It will be found 
that considerable practice is 
required to make smooth 
lines. If the pen is held so 
that only one blade bears 
on the surface of the paper, 
the line will almost invari- 
ably be ragged on the edge 
on which the blade does not 
touch. When the pen is 
held at right angles to the 
paper, as shown in Fig. 52, both blades will rest on the paper 
and if the pen is in good condition smooth lines will result. 

In some ruling pens a needle point is attached to the head, 
which can be unscrewed. This needle point is intended for use 
in pricking holes through a sheet of paper into an underlying 
sheet on which lines are to be copied. 

The ruling pen should always be kept clean. If lint or dust 
collects on the nibs thick lines or blots will result. Dust that 
may have accumulated on the drawing paper should be brushed 
off before lines are drawn. 


65. Practice in the Use of Inking-In Instruments. 
In geometrical drawing great accuracy is required, and only 
by considerable practice in the use of inking-in instruments 
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can proficiency be acquired. The beginner should, for drill, 
draw with ruling pen and ink compasses on good paper lines of 
different kinds. The practice work should consist of straight 
lines of different thicknesses and lengths and in different posi- 
tions, dotted lines (lines made up of a series of short dashes), 
horizontal and vertical lines that intersect but do not cross, 
circles and arcs of circles, straight lines tangent to arcs and 
circles, ete. 


CLEANING DRAWINGS 


66. A drawing is almost sure to become soiled from the 
rubbing of the draftsman’s sleeves and from dust. This may 
be prevented to some extent by covering the work, except the 
part on which work is being done, with paper thoroughly 
secured at the edges so as not to interfere with the operation of 
the triangles and T square. One of the most frequent causes 
of dirt on a drawing is the sliding of the instruments over the 
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surface. Celluloid and rubber triangles are especially apt to 
accumulate dirt, which is transferred to the drawing when these 
instruments are moved over the paper. It is considered good 
practice, before commencing a drawing, to clean carefully the 
scales, triangles, and T square. The drawing board should 
be dusted before the drawing paper is tacked in place on it, 
as particles under the drawing paper raise small hills that inter- 
fere with the drawing of lines. 

After a drawing has been inked in, all soiled spots and pen- 
cil lines should be removed with a soft-rubber eraser. This 
will not injure the ink lines. Before applying the rubber to 
the drawing, it is a good plan to test it by rubbing it on another 
sheet of paper to remove any dirt that may adhere to it. If 
an inked-in line or an ink blot is to be removed, a hard eraser 
made of a mixture of rubber and emery or glass, such as that 
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shown in Fig. 53, should be used. An eraser of this 
kind cuts away the outer layer of the paper and 
thus removes the ink lines or blots. It is a good 
plan, when ink lines are to be removed, to use a 
celluloid shield such as that shown in Fig. 54. This 
contains holes of different shapes, so that it 1s pos- 
sible to erase particular spots without touching and 
thus injuring other parts of the drawing. Shields 
made from thick drawing paper or thin cardboard 
are also used and have the advantage that slots or 
holes of the exact shape and size of the spots to be 
removed may be cut into thern; on the other hand, 
they wear away sooner than those made of celluloid. 


SCALES 


67. Scales are used for laying off dimensions 
on drawings. The scales that are usually used are 
triangular in shape as shown in Fig. 55 or flat with 
beveled edges. The edges of the triangular scale 
are graduated for different scales, but as in the 
geometrical drawing work only the full-size scale is 
to be used, only this scale will be considered here. 
The full-size scale is divided, like the ordinary foot 
rule, into twelve equal parts, called inches, and the 
inches are subdivided into halves, fourths, eighths, 
and sixteenths. In using the full-size scale, if it is 
desired to lay off a dimension as small as a 32d of 
an inch, it may be done by laying off by eye a 
point midway between the sixteenth-inch divisions 
as shown at the left in Fig. 56, in which the sub- 
divisions of the inch are indicated. Dimensions as 
small as 64ths of an inch may be laid off by eye in 
the same way by laying off points midway between 
the 32d-inch divisions. A dimension of ¢ inch may 
be measured by taking seven of the 24-inch divisions, 
and a dimension of 7 inch may be measured by 
taking five of the jg-inch divisions, etc. 
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IRREGULAR CURVE 


68. An instrument known as the irregular curve, or 
French curve, is used for drawing lines of irregular curvature. 
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This instrument is shown in Fig. 57, and its edges have dif- 
ferent curvatures at different parts. To draw a line of irregular 
curvature, the points through which the line is to be drawn 
must first be determined, and then the curve is placed so that 
some part of its edge will pass through several of the points 
determined, then the instrument is shifted as required. Good 
judgment is required to select the part of the instrument that 
will give the right curvature and a smooth connection with the 
part of the line previously made. The curve on the edge of the 
instrument should be made to pass through at least three of 
the required points, and if it can be made to pass through a 
greater number, so much the better, as the fewer the number 
of parts to be drawn the less liability there will be of getting 
a line of wavy appearance. Considerable skill is required to 
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make curves of irregular shape with a continuous smooth line. It 
is an advantage to first draw the line in pencil and then ink it in. 
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To illustrate the use of the irregular curve, let it be required 
to draw a curved line through the points a, b, c, d, etc., Fig. 58. 
As already said, the curved edge of some part of the instrument 
should pass through at least three points. By placing the 
instrument in the first position A outlined by dotted lines, 
the edge is found to pass through five points, a, b, c, d, and e, 
and the curved line is drawn through these points, as shown 
by the full line. To draw the next part of the curve e/g, 
the instrument is shifted to the position B and is so adjusted 
that it will coincide with a part of the curve already drawn 
and there will be no angle formed where the two parts of the 
curve join. 

In the same way, by shifting the instrument and finding other 
curves on its edge that will pass through a number of points, the 
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curved line can be completed. Care should be taken to avoid 
making sharp angles between connecting sections of the line. 
To prevent ink from getting on the edge of the irregular 
curve and spreading on the drawing, and to make a good line, 
the blades of the pen must be kept tangent to the edge of the 
curve; that is, the blade must rest against the edge of the curve 
tangent to the curved line and must be kept in this position as 
the pen is moved along the curve. As a precaution against 
making blots on the drawing, it is advisable to place two thick- 
nesses of paper under the ruler to raise it slightly above the 
surface of the paper. In this way, if ink should get on the 
edge of the ruler it will not cause a blot on the drawing. 
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LETTERING 


GENERAL REMARKS 


69. On drawings, the headings, explanations, and dimen- 
sions are lettered with the pen; script writing is not permissible. 
Two general styles of lettering are employed on drawings; 
namely, single-stroke letters, which are of two kinds, slant- 
ing and vertical, and block letters. Single-stroke letters are 
adapted for drawings containing many dimensions or on which 
the space for lettering is limited, as the letters of this form can 
be condensed without materially affecting their legibility. 
What is meant by condensing letters is illustrated in Fig. 59, 
which shows three widths of the same form of letter. The 
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slant style is the most natural, as the strokes approximate the 
direction of the strokes in ordinary writing. Block letters are 
generally used for main titles and subtitles. It is the usual 
practice in drawing rooms to adopt a style of letter that is sim- 
ple in form, legible, and can be made quickly, and all drafts- 
men in the office are expected to conform to this style. Only 
the styles of letters in common use, as mentioned preceding, 
will be discussed here. 

For lettering, any good fine-line pen may be used. Géillott’s 
No. 308 pen can be recommended for this purpose. It is pos- 
sible to make a more uniform line with a pen after it has been 
used for a short time than when it is new. Waterproof ink 
dries quickly and for this reason the point should be wiped fre- 
quently. A cloth free from lint should be used for this purpose. 
as the lint would get between the nibs of the pen and clog it. 
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70. Spacing of Letters.—Next in importance to well- 
formed letters is the correct spacing of letters in words. By 
correct spacing is meant the placing of letters at such distances 
apart as to give the appearance of equal spacing between all 
letters. The shapes of letters vary, some having slanting sides, 
some straight sides, and some rounding sides, and others have 
projecting stems, so that only very general instructions can be 
given for spacing. Good judgment must be used for this. 
The letters of a word must be spaced so that the word will have 
an even appearance and there will be no unduly large white 
space or dark spot at any point. 

More space is required between two letters both of which 
have straight sides than between two letters one of which has 
a straight side and one a round side. Less space is required 
between two letters with rounding sides, as O O or DO, than 
is required in either of the preceding cases. The space at the 
bottom between the two capital letters A L should be small 
so that the space between them at the top will be reduced to 
the minimum. ‘The capital letters A W have parallel sides, 
consequently considerable space is required between them. 
The letters that cause the most trouble in spacing are A, W, V, 
X, and Y, as, unless good judgment is used, their slanting 
sides produce unequal white spaces. Letters with projecting 
strokes, as F, J, L, and T, are difficult at times to combine 
with other letters. The letters that are most easily spaced are 
those with straight sides, as H, B, N, D, etc. 

In many drafting rooms a piece of white paper on which 
horizontal lines are ruled in ink is slipped under the tracing 
cloth to serve as a guide for lettering. Until one is well trained 
in lettering, the guide lines should be used; with practice it is 
possible to make good freehand lettering by using only a base 
line as a guide 
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SINGLE-STROKE LETTERING. 


SINGLE-STROKE SLANT LETTERING 


71. Single-stroke slant letters of the size to be used in this 
drawing work are illustrated in Fig. 60. The same form of let- 
ter is shown on an exaggerated scale in Fig. 61 to indicate more 
clearly the method of forming the letters and the direction in 
which the strokes are to be made. The direction of the strokes 
is indicated by small arrows and the order in which they are 
made is shown by numerals. To produce well-formed and neat- 
appearing letters, the direction and order of the strokes as given 
should be observed. 


72. Three elements enter into the construction of this form 
of letters. These are the straight line, the loop, and the hook, 
as shown in Fig. 62 (a), or modifications of the loop and 
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hook. As will be seen by referring to (6), the loop is the main 
element in the letters a, b, d, g, p, and qg, and modifications of 
it enter into the construction of the c,e, ando. In the letters a, 
d, g, and q the point of the loop is at the top, and in the let- 
ters b and p the point of the loop is reversed. The hook with 
the turn at the top is used in forming h, m, and n, and the 
reversed hook is used in u. The only difficulty that will be 
experienced in making the letters v, x, and y, both lower case 
and capitals, is to draw the sides of the letters at the proper 
angle. These letters will be well formed if the sides of the v 
and of the v part of the x and y are drawn so that the upper 
extremities are equally distant from an assumed center line at 
the angle to which the letters are made, as shown in Fig. 62 (0). 


EE 
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73. Until the student becomes proficient in drawing the 
lines of letters at a uniform slant, a templet of the slant used 
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in the preceding illustrations may be used for drawing guide 
lines. It may be of either cardboard or wood. The angle, or 
slant, for the templet rnay be found by stepping off on a vertical 
line of any length points to divide it into eight equal parts and 
then stepping off three of these equal divisions on a horizontal 
line, as shown in Fig. 63. A line drawn through the extremities 
of the vertical and horizontal lines will give the hypotenuse of 
a triangle of the correct angle, or slant, 
and this angle may be laid off ona 
templet of any size. If desired, the 
slant of the letters may be made 60°, 
and the guide lines for this angle 
may be drawn by use of the triangle 
as shown in Fig. 64. 


74. In the drawing work of this 
Course, the height of the capital letters is to be § inch and 
that of the lower-case letters two-thirds of this, or iz inch. 
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The practice in drawing rooms is to letter drawings freehand 
without the use of guide lines, but until the student becomes 
proficient in lettering, 
horizontal guide lines 
laid off as shown in 
Fig. 64 may be used for 
‘the height of letters. 
Sheets ruled with these 
guide lines will be fur- 
nished to the student for 
practice. Proficiency in 
lettering freehand can be 
attained only by persistent practice. This may be begun by 
laying off in pencil slanting guide lines, as shown in Fig. 64, 
using these until the hand becomes accustomed to the slope 
and confidence is obtained, after which the practice should be in 
making the letters without the aid of guide lines. 

In practicing the drawing of letters, care should be taken to 
have the slant and curved lines of all letters extend fully to the 
guide lines, and the letters should be of proportional width. 
If these instructions are not carefully followed the letters will 
present an uneven appearance. The difference in the appear- 
ance of a word when the letters are well made and when they 
are poorly made is shown in Fig. 65. In the first example, the 
letters are of uniform height and slant and of proportional 
width, consequently the word presents a good appearance; 
in the second example, the letters are not uniform in height or 
slant and are not proportional in width; consequently, the word 
presents a poor appearance. 

Care should be taken to have the ascending stems of letters, 
as 6, d, f, etc., extend fully to the upper guide line; the descend- 
ing stems of letters, as f, g, 7, etc., should extend the same 
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tend above the guide line for the height of the lower-case letters. 
The rounded letters, as c, e, and o, are usually the most dif- 
ficult to make, and close attention should be given to their 


§ 13 GEOMETRICAL DRAWING 43 


construction. The loops and curves of letters should be prac- 
ticed until the hand becomes so accustomed to the movements 
that they can be made with ease and facility. 


75. Another style of slant lettering is shown in Fig. 66. 
This style differs from the style shown in Fig. 60 only in that 
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the letters are made a little rounder and are finished with spurs, 
or certphs. On account of the ceriphs this style is a little more 
difficult to make than the style shown in Fig. 60, but with this 
exception the same instructions apply to both. 


76. In lettering drawings, it is common practice to use 
capital and lower-case letters, in the same manner as in ordi- 
nary printed matter. Insome drawing rooms, however, capitals 
and small capitals are used for notes on drawings, in the manner 
shown in Fig. 67. When so used, the large capitals are made 
x inch high and the small capitals 4’ inch. 


77. Particular attention should be paid to the formation 
of numerals, as they are extensively used on drawings, and it 
is therefore important that they be formed with such exact- 
ness, particularly on working drawings, that a mistake in read- 
ing them will not be made. The numerals are made § inch high, 
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the figures, as will be seen ola 
by referring to Fig. 61. The forms of the numerals as there 
shown should be closely studied and the indicated order and 
direction of strokes followed. The bottom of the figure 2 and 
the top of the figure 7 may be either a straight or a curved line. 
The figures of both the numerator and the denominator of 
fractions are made the same height as the lower-case letters, as 
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shown in Fig. 68. By allowing a small space between them for 
the horizontal dash, the total height of the fraction will be 
3; inch. The dividing line of the figures of a fraction should 
always be a horizontai 
stroke. A slanting 
stroke is never used on 
drawings for this pur- 
pose, as it is liable to 
cause a mistake in read- 
ing dimensions. 


78. Ondrawings, the 
signs for feet and inches 
are used after numerals. The sign for feet (’) is made with a 
short, tapering stroke somewhat thicker at the top than at the 
bottom; the sign for inches (’’) is two strokes made in the same 
way. Care should be exercised to have the strokes begin slightly 
above the figure and not to make them too long. Careful 
draftsmen always use a short dash between the figures denoting 
feet and inches; thus, 10’-5". This is done as a precaution 
against the misreading of dimensions. When only feet are 
given, this is emphasized by placing after the figures a dash 
and a cipher followed by the inch sign: thus, 10’-0’; dimen- 
sions less than a foot are indicated thus: 0’-6”. 


SINGLE-STROKE VERTICAL LETTERING 
79. A single-stroke vertical letter of the style sometimes 
used for drawings is shown in Fig. 69. This is a good form of 
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letter, but the beginner will find it harder to make the strokes 
uniform than in the case of slanting letters, which are also more 
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easily condensed. The formation of the vertical style of let- 
ters is shown to an exaggerated scale in Fig. 70, which also 
shows the order and direction of the strokes. The forms should 
be carefully studied and the order and direction of strokes 
followed. The rules given for the spacing of slanting letters 
will apply to the spacing of the vertical style. 

It will be found necessary on some of the drawing plates of this 
Course, on account of limited space, to draw the letters less than 
1 inch high and more condensed. Guide lines similar to those 
used in forming the slanting style will be found serviceable. 


BLOCK LETTERS 


80. The form of letter shown in Fig. 71 is called the block 
letter, and is used for-the large headings, or titles, of the Plates. 
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This alphabet is not to be used on the first five Plates given in 
the succeeding Section. 

The letters and figures are to be made 3 inch high and 
z inch wide, except A, J, L, M, and W, and the numerals 1 
and 4. 

The width of any letter or numeral can be readily determined 
by referring to the illustration, where each is shown crossed 
with y¢-inch squares. 

The width of the spaces between the letters depends on the 
combination of the letters in words; the best plan to follow in 
this alphabet is to compare the spacings between the various 
letters shown in the illustration. Note the space between the 
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letters A and B and compare it with that of B and C, and follow 
this plan throughout. 

To begin to draw the letters, draw in pencil six horizontal 
lines as guide lines to represent the thickness of the letters at 
the top, center, and bottom; then by the use of the triangle, 
the width of the letters, with the proper spaces between them, 
should be drawn in lead pencil, and the areas of the letters that 
are to be inked may be penciled over lightly to avoid the pos- 
sibility of errors in inking. The outlines of the letters should 
then be inked in with a ruling pen and filled in with a letter- 
ing pen. The corners may be drawn with a 45° triangle. 

It is well to ink all the vertical lines first, then the horizontal 
lines, and, finally, the oblique lines. 


81. A sloping form of letters somewhat resembling the 
block letters is shown in Fig. 72. This style of letters will be 
used for the main titles on subsequent drawing work. 

The letters are to be made } inch high and 4 inch wide, with 
the exception of the letters M, W, and J. The width of the 
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letter M is 3; inch; the letter W is 3 inch wide. The letter J 
and the numeral / are made with a single stroke, which is 345 of 
an inch in width. 

The slant of the lettering is 60° and is made with a triangle. 

To draw these letters, lay off two horizontal guide lines ¢ inch 
apart as shown in Fig. 73. 

The rules given for spacing the single-stroke letters apply 
to this alphabet also. 

By using a few simple guide lines, letters may be more easily 
constructed, as shown in Fig. 73. To draw the letter A, use a 
center line and have the two slanting strokes of the letter 
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equidistant from it at the base line. The slant sides should 
not meet in a point at the top, as sufficient allowance must be 
made for the thickness of the stroke, which is added on the 
inside when inking. 

Similar letters having slanting strokes, as M, V, and W, are 
drawn in like manner, care being taken that the thickness of 
the stroke is added on the side where it is required. 

The letter B is constructed between two slanting guide lines 
1 inch apart and the horizontal bar separating the two lobes 
is drawn slightly above the center. The lobes are connected 
to the horizontal guide lines at a point determined by a slant- 
ing guide line located at a distance of one-third the width 
of the letter. The upper lobe is also made narrower than 
the lower one. 

The letter R is constructed in a similar manner to the let- 
ter B; the upper part is made the full width and the cross-bar 
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is midway between the horizontal guide lines. The angle at 
which the tail is drawn is determined by a guide line located 
at a distance of one-third the width of the letter from the 
right-hand edge. 

The method of constructing the letters shown in Fig. 73 will 
be plain from a study of the illustration. 

After the letters are penciled they may be inked with a ruling 
pen; the curves are made freehand with a lettering pen. 

The numerals are constructed in like manner to the letters. 
By taking particular note where the curved parts are tangent 
to the guide lines, well-formed letters will be produced. 


GEOMETRICAL DRAWING 


(PART 2) 


INTRODUCTION 


1. Purpose and Use of Geometrical Drawing Prob- 
lems.—In this Section are treated the methods of solving 
certain geometrical problems by the use of drawing instruments. 

By the methods here explained it is possible to locate points, 
lines, angles, etc., without resorting to calculations. The solu- 
tions are founded on proved geometrical principles, and the 
methods given may be used with assurance that correctness 
in the results depends only on accuracy in drawing. A com- 
plete understanding of the methods by which these principles 
are proved, and upon which the constructions are based, requires 
a somewhat extended knowledge of geometry, but it is not 
necessary to understand the proofs in order to make use of the 
solutions for the purpose for which they are here used and for 
the every-day work of the draftsman, therefore the proofs 
are not given. 

The problems here treated underlie all work in geometrical 
drawing, and their application to practical work will be evident 
as experience is gained. The most important things to be 
learned in the beginning are (1) to handle the drawing instru- 
ments skilfully, (2) to make neat and accurate constructions 
of the problems, and (8) to print well-proportioned and well- 
formed title headings and statements of the problems. 

When the principles have been mastered, it will not be 
difficult to do the succeeding plates, which are directly applicable 
to practical work. 

COPYRIGHTED BY INTERNATIONAL TEXTROOK COMPANY. ALL RIGHTS RESERVED 
§ 13 
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GEOMETRICAL DRAWING PROBLEMS 


PRELIMINARY DIRECTIONS 


2. The Drawing Plates.—The size of the drawing paper 
to be used for the drawing work given in this Section is 165 in. 
X20 in. Border lines enclosing a rectangle 13 in. X17 in. are to 
be drawn in pencil and are to be inked in when the drawing is 
completed, and outside of this border line and 3 inch from it all 
around another pencil border line is to be drawn. ‘The space on 
the edges of the sheet outside the pencil lines is to be used for 
inserting thumbtacks to fasten the sheet on the board and for 
testing the drawing pen to see whether the ink is flowing well and 
whether the lines are of the proper thickness. When the drawing 
is completed the margin of the sheet outside of the pencil lines 
is to be trimmed off, which will leave the sheet 14 in. 18 in. 


3. The drawing work of this Section consists of nine plates, 
for the making of which full directions are given in the text. 
The work required on the first five plates consists of solutions 
of practical geometrical problems that constantly arise in 
practice, and a knowledge of which is necessary in doing the 
work on the more advanced plates that follow. A sample copy 
of the first plate in reduced size will be sent to each student, 
but no sample copies of the next four plates will be furnished. 
Sample copies of the sixth and subsequent plates will be 
furnished in slightly reduced size. 

The method of solving each of the problems given for the 
first five plates should be carefully memorized, so that any 
one can be instantly applied when the occasion requires without 
referring to the instructions. Great care should be taken to 
distribute the different views, parts, etc. on a drawing in such 
a way that when the drawing is completed one view will not 
be so near another as to mar the appearance of the work. 
Until one has gained experience in this, it is advisable to draw 
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each figure on a separate piece of paper before attempting to 
locate it on a Plate. This will give familiarity with the con- 
struction and also practice in drawing as well as be a help in 
locating the figure on the Plate. Great care should be taker 
to lay off dimensions accurately, and the entire drawing should 
be made in pencil before any part is inked in. In penciling 
the work, the only distinction that need be made between the 
construction lines is to make those that are to be inked in a 
little heavier than those that are not to be. The location of 
dotted lines may be represented by full pencil lines, which cun 
be made in less time than dotted lines. 

The hands should be perfectly clean and should not touch 
the paper except when absolutely necessary. Construction 
lines that are to be removed or that are liable to be changed 
should be drawn lightly, so that the finish of the paper will 
not be destroyed in erasing them. The methods of removing 
both pencil and ink lines have been explained in the previous 
Sections, and those instructions should be carefully followed. 


DIRECTIONS FOR SENDING IN WORK 


4, The plates are to be sent to the Schools one at a 
time as they are completed. When you finish Plate I 
send it to us and then begin work on Plate Il. When 
your first plate is received it will be examined and 
returned to you promptly with corrections and such 
suggestions as will aid you in the subsequent work. 
These corrections and suggestions should receive your 
eareful consideration. In this way you will make 
better progress than you could otherwise. 

It is very important that you comply strictly with 
the directions. Do not be discouraged if there are a 
large number of corrections on your early plates; we 
are merely pointing out ways in which the drawing 
or lettering can be improved so that your later plates 
may be as nearly perfect as they can be made. No one 
can obtain proficiency unless the work is criticized, 
and we will do our best to help you succeed; we should 
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not be doing our duty if we did not point out the defects. 
The number of corrections is no indication of our 
appreciation of the merits of the drawing. 

On all plates that you send to us, write your name 
and address in full in lead pencil on the back of the 
plates. This should in no case be omitted, as delay in 
the return of your work will otherwise surely occur. 


PLATE I 


5. General Directions.—Fasten a sheet of drawing paper 
to the board as described in the previous Section, then draw 
the inside border lines to be inked in and outside of these 
draw the lines to represent the edge of the sheet when it is 
trimmed, as described in the preliminary directions for this 
work. The term drawing as it will be used hereafter refers 
to the constructions drawn inside the inked border lines. Before 
commencing work on Plate I, open the folded sheet inserted 
at the end of this Section which shows in reduced size Plate I, 
and spread it before you <s a guide. The sample sheet shows 
the space inside the inked border lines to be divided into six 
equal rectangular spaces. Now draw midway between the top 
and the bottom border lines a faint. horizontal pencil line on 
the shect fastened to the drawing board, thus dividing the space 
into two equal parts, then divide each of these parts into three 
equal rectangular spaces by two faint vertical pencil lines. 
These divston lines are not to be inked in but must be erased when 
the drawing is completed. 

On the first as well as the next four plates, space for the 
required lettering must be taken into account. The lettering 
consists of the word “Problem” and its number and a statement 
of the problem that is to be drawn in each space. This letter- 
ing should not be done before the drawing is finished and inked 
in, and judgment must be used as to the number of lines the 
lettering will occupy. 

The word Problem, as indicated in the sample Plate I, is 
to be in capital letters; and the statement, To bisect a straight 
line, or any similar note, is to begin with a capital letter. The 
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lettering may be of the slanting or vertical single-stroke letters 
explained in the previous Section. If a student is employed 
where some other style of lettering is used, no objection will be 
made to that style being used for this drawing work. 

The tops of the capital letters in the first line of the statement 
are placed 3 inch below the upper border line of the space in 
which the problem is to be drawn. The space between any 
two lines of lettering is $ inch, measured from the base line of 
the first line of lettering to ie 
the tops of the capital let- Ae 
ters of the second line. 

The height of the capital 
letters on these plates is to 
be % inch, and that of the A——_—____—\_,,—____g 
small letters is to be two- 
thirds of this, or ;4 inch. 
To be sure that the heights 
are uniform, guide lines are SS a 
drawn in pencil, as indi- “us 
cated in the upper right- are 
hand, corner of the sample plate, and the lettering is drawn 
between them. 

The problems are to be centrally located within the six 
rectangular spaces to insure a neat and well-balanced drawing. 

In connection with the descriptions of the plates that follow, 
the statement of the problem, which is to form the heading, is 
printed in black-faced type after the problem number. 


ih 


‘ 
' 
1 
1 
J 
| 
i} 
i} 


PrRoBLEM 1.—To bisect a straight line. 
See Fig. 1; also Problem 1 of Plate I. 


CoNSTRUCTION.—With the T square as a guide, draw a 
horizontal line AB 34 inches long. With one end, as A, as 
a center and with the compasses set to a radius greater than 
one-half of the length of the line A B, describe an arc of a 
circle on each side of the given line; with the other end B as 
a center and the same radius, describe arcs intersecting the 
first two in the points C and D. Join C and D by the dotted 
line CD, and the point P, where it intersects AJ, will be the 
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required point; then, AP equals PB, and P is the middle 
point of the line AB. As CD is perpendicular to A B, this con- 
struction also gives a perpen- 
lee dicular to a stratght line at tts 

middle point. 


PROBLEM 2.—To draw a 
perpendicular toa 
straight line froma given 

B point in that line. 


ee Note.—As there are two cases 

, of this problem, requiring two 

figures on the plate, the line of letters will be run clear across both figures, 
as shown in sample Plate I. 


Case I.—When the point is at or near the center of the line. 
See Fig. 2; also Problem 2, Case I, of Plate I. 


ConstrucTion.—Draw AB 33 inches long. Let P be the 
given point. With P as a center and any radius, as PD, 
describe two short arcs cutting AB in the points C and D. 
With C and D as centers and any convenient radius greater 
than PD, describe two arcs intersecting in E. Draw PE, 
and it will be perpendicular 
to AB at the point P. 


Case I1.—When the point 
as near the end of the line. 
See Fig. 3; also Problem 2, 
Case II, of Plate I. 

Draw AB 34 inches long. 
Take the given point P 
about 2 inch from the end of eck e Lae 
the line. With any point O ee 
as acenter, anda radius OP, 
describe an are cutting ABin P and D. Draw DO, and pro- 
long it until it intersects the arc in the point C. A line drawn 


through C and P will be perpendicular to A B at the point P. 


Wwe 


PROBLEM 3.—To draw a perpendicular to a straight 
line from a point without it. 
As in Problem 2, there are two cases. 
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Case I.—When the point lies nearly over the center of the 
line. See Fig. 4; also Problem 3, Case I, of Plate I. 
ConstTRUCTION.—Draw ; P 
AB 33 inches long. Let P 
be the given point. With P 
as a center and any radius 
PD greater than the dis- 
tance from P to AB, de- Ne 
scribe an are cutting A B in = 
Cando Wath Coand 
as centers and any con- 
venient radius, describe 
short arcs intersecting in EF. 
A line drawn through P 
and E will be perpendicular to AB at F. 


Case I1.—When the point lies nearly over one end of the line. 
Ee See Fig. 5; also Problem 3, 

‘ Case II, of Plate I. 
. Draw A B 33 inches long, 
and let P be the given point. 
E_, With any point C on the 
line AB as a center and 
; with CP as a radius, de- 
; scribe an are PE D cutting 
oe AB ia B With 2 asa 
Fic. 5 center and the distance 
EP as aradius, describe an arc cutting theare PE Din D. The 
line joining the points P and D will be perpendicular to AB. 


ry 


PROBLEM 4,.—Through Be zal) 
a given point, to drawa a ' 
straight line parallel to u ; 
a given straight line. / / 
See Fig. 6; also Problem 4 ' ey 
of Plate I. A> po — 8 


Fic. 6 
CoNnNSTRUCTION.—Let P : 


be the given point and AB the given straight line 35 inches 
long. With P asa center and any convenient radius, describe 
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an arc CD intersecting A Bin D. With D as a center and 
the same radius, describe the are PE. With D as a center 
and a radius equal to the chord of the arc PE, describe an arc 
intersecting CD in C. A straight line drawn through P and C 
will be parallel to A B. 


6. These four problems form Plate I. They should be care- 
fully and accurately drawn in with lead-pencil lines and then 
inked in in the manner described later. It will be noticed 
that on Plate I, and in Figs. 1 to 6, the given lines are Izght, 
the required lines heavy, and the construction lines, which in 
a practical working drawing would be left out, are light dotted. 
This system must also be followed in the four plates which are 
to follow. A single glance enables one to see at once the 
reason for drawing the figure, and the eye is directed imme- 
diately to the required line. 


7. In drawing, accuracy and neatness are essential. Be 
certain that the lines are of precisely the length that is specified 
in the description. When drawing a line through two points, 
be sure that the line goes through the points; if it does not pass 
exactly through the points, erase it and draw it over again. 
If a line is supposed to end at some particular point, make it 
end there—do not let it extend beyond or fall short. Thus, in 
Fig. 6, if the line PC does not pass through the points P 
and C, it is not parallel to AB. By paying careful attention 
to these points, a great deal of trouble will be avoided. 


8. Lines Used on Drawings.—There are five kinds of 
lines used in drawing, thus: 


The light full line. ———____ 


WN CHOMAI NTA, rs = SE ee 


The broken-and- 
dotted line. 


The broken line. PN a 


The heavy full Vines sok ee ee eee 
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The light full line is used the most; it is used for draw- 
ing the outlines of figures and all other parts that can be seen 
by the eye. 

The dotted line, consisting of a series of very short dashes, 
is used in showing the position and shape of that part of the 
object represented by the drawing which is concealed from the 
eye in the view shown; for example, a hollow prism closed on 
all sides. The hollow part cannot be seen; hence its size, 
shape, and position are represented by dotted lines. 

The broken-and-dotted line, consisting of a long dash, 
and with one or two very short dashes repeated regularly, is 
used to indicate the center lines of the figure or parts of the 
figure, and also to indicate where a section has been taken when 
a sectional view is shown. This line is sometimes used for 
construction lines in geometrical figures. 

The broken line, consisting of a series of long dashes, is 
used in putting in the dimensions, and serves to prevent the 
dimension lines from being mistaken for lines of the drawing. 

The heavy full lines are made not less than twice as thick 
as the light full lines, and are used for shade lines. 

The system according to which shade lines are placed on a 
drawing will be explained in detail farther on. 


9. Inking the Drawing.—To ink the lines of the drawing 
that has already been miade in pencil, first adjust the ruling 
pen so that the blades practically touch, and put the ink between 
the blades of the pen with the quill stopper. Then try the 
pen on the edge of the drawing paper to see whether the blades 
are set to make a line of the thickness desired and that the ink 
flows freely. First ink in all the light lines and light dotted 
lines which have the same thickness; then adjust the pen to the 
thickness of the heavy lines, test it again, and ink in the lines. 

Keep the ruling pen and compass pens clean by wiping the 
outside and inside of the blades with a damp cloth. India ink 
dries quickly and soon clogs the blades, so frequent cleaning 
is necessary to insure an even flow of ink. 


10. Lettering and Finishing.—After the drawing has 
been inked in, it should be lettered. Before attempting this 
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carefully read the instructions given under the head of Lettering 
in the previous Section. When the drawing has been finished, 
the word “Plate” and its number should be lettered at the 
top of the sheet, outside the border lines, and midway of its 
length, as shown. The student’s name and class letters and 
number should be lettered in the lower right-hand corner in 
capital letters. Thus, JOHN SMITH, DY 618654. The 
date on which the drawing was completed should be lettered 
in the lower left-hand corner, also in capital letters. Next 
erase all pencil lines and clean the drawing by rubbing it very 
gently with a soft-rubber eraser. Care must be exercised when 
doing this, or the inked lines will appear of a lighter shade 
where the eraser has come in contact with them. After the 
drawing is cleaned, the edges of the sheet should be trimmed 
off. Finally, write your name and address in full in pencil 
on the back of the drawing, after which put it in the mailing 
tube furnished to you and mail it to the Schools according to 
the directions. 


HINTS FOR PLATE 1 


11. Do not forget to make a distinction between the thickness 
of the given and required lines, nor forget to make the construction 
lines dotted. 

When drawing dotted lines, take pains to have the dots and 
spaces uniform in length. Make the dots about ps inch long and 
the spaces only about one-third the length of the dots. 

Try to get the work accurate. The constructions must be accu- 
rate, and all lines or figures should be drawn of the length or size 
previously stated. To this end, work carefully and keep the pencil 
leads very sharp, so that the lines will be fine. 

The lettering on the first few plates, as well as on the succeeding 
plates, 1s fully as important as the drawing, and should be done in 
the neatest possible manner. Drawings sent in for correction with 
the lettering omitted will be returned for completion. 

The reference letters like A, B,C, etc., as shown in Figs. 1 to 6 
of the text, are not to be put on the plates. 

Do not neglect to trim the plates to the required size. Do not 
punch large holes in the paper with the dividers or compasses. 
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Before mailing your drawing be sure that it is complete in every 
detail. Do not attempt to hurry this work. Beginners cannot 
expect to do what experienced draftsmen have taken some time to 
acquire. What is worth doing is worth doing well. 


PLATE I 


12. Draw the pencil border lines and the division lines in 
the same manner as described for Plate I. The following five 
problems (5 to 9, inclusive) are to be drawn in regular order, as 
was done in Plate I, with problems from 1 to 4. 


PROBLEM 5.—To bisect a given angle.* 


Case I.—When the sides intersect within the limits of the 
drawing. See Fig. 7. 


CONSTRUCTION.—Let AOB 
be the angle to be bisected. 
Draw the sides OA and OB 
33 inches long. With the ver- 
tex O as a center and any 
convenient radius, describe 
an are DE intersecting OA 
at Dand Obar &.. With D B 
and FE as centers and a radius 
greater than half the arc D E, describe two arcs intersecting at C. 
The line drawn through C and O will bisect the angle; that is, 
AOC equals COB. 


Case I1.—When the sides do not intersect within the limits 
of the drawing. See Fig. 8. 


CoNSTRUCTION.—Draw two lines, A B and C D, each 33 inches 
long, and inclined toward each other as shown. With any point 
E on CD as a center and any convenient radius, describe arc 


* Since the statement of this problem is very short, it will be better 
to place it over each of the two cases separately, instead of running it 
over the division line, as was done with the long headings of the two 
cases in Plate I. Put Case I and Case II under the heading, as in the pre- 


vious plate. 
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F I GH; with G as a center and the same radius, describe arc 
HLEF, intersecting F1GHinH and F. With L asa center 


and the same radius, describe arc K GJ]; with J as a.center and 


ms ely 


the same radius, describe arc J] E K, intersecting KG J in K 
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Fic. 8 
and J]. Draw H F and J K; they intersect at O, a point on the 
bisecting line. With O as a center and the same or any con- 
venient radius, describe an arc intersecting A B and C Din M 
and N. With M and N as centers and any radius greater than 


one-half MN, describe arcs intersecting at P. A line drawn 
through O and P is the required bisecting line. 


PROBLEM 6.—To divide a given straight line into any 


= 


required number of equal 
Ca 


2s parts. 
ES \ See Fig. 9. 
f pera a : 
ea. te ConstrucTion.—A B is the 
ore : ‘ 
r ce ae ee i given line 37 inches long. 
Bate a , \ 4 \ Suppose that it is required to 
“0 , ‘ ‘ . . . . . 
is i) 1 4 tt 4, divideititito eight equal parts: 
r i = 0 Now © 5S 
Fic. 9 


Through one extremity A of 
the line, draw an indefinite 
straight line A C, making any angle with A B. 


Set the dividers 
to any convenient distance, and space off eight equal divisions 
on AC, as AK, KI, 1TH, ete. Jom Cand? se by the sine 
CB, and through the points D, E, F,G 


, ete. draw lines DL, 
E M, etc. parallel to C B, by using the 


two triangles; these 
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parallels intersect A B in the points L, M, N, etc., which are 
equally distant apart. The spaces LM, MN, N O, etc. are 
each equal to } AB. By this method, A B can be divided into 
any number of parts 
by spacing on AC the 
number of parts de- 
sired and then drawing 
the parallels, as ex- 
plained. 


PROBLEM 7.—To 


draw a straight line as 


through any given 
point on a given straight line to make any required 
angle with that line. 


ConstTRucTION.—In Fig. 10, A B is the given line 3% inches 
long, P is the given point, and EOF is the given angle. With 
the vertex O as a center and any convenient radius, describe 
aneare 2 cutting OF and OF in fF iand F. With P asa 
center and the same radius, describe an areC D. With D 
as a'center and a radius equal to the chord of the arc E F, 
describe an arc cutting CD in C. A line drawn through the 
points P and C will make an angle with A B equal to the 
angle O, or C P D equals EO F. 


PROBLEM 8.—To draw an equilateral triangle, one side 

ah of which is given. 

7 ConstTrucTIon.—In Fig. 11, AB is 
the given side 2} inches long. With 
ABasa radius and A and B as cen- 
ters, describe two arcs intersecting in 


C= Draws C AY and’ C Bb) ande CG Ae 


is i al triangle. 
a pz an equilateral triangle 
cae PROBLEM 9.—The altitude of an 


equilateral triangle being given, to draw the triangle. 


ConstrucTion.—In Fig. 12, AB is the altitude 2} inches 
long. Through the extremities of A B draw parallel lines CD 
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and EF perpendicular to AB. With B as a center and any 
convenient radius, describe the semicircle CH K D intersect- 
ing CD in Cand D. With C and D as centers and the same 
radius, describe arcs cutting the semicircle in H and K. Draw 
BH and BK, and prolong 
them to meet EF in E and F. 
BEF is the required equi- 
lateral triangle. 

As each angle of an equi- 
lateral triangle is 60°, the same 
result can be obtained by 
placing the narrow edge of the 
60° triangle along the edge of 
the T square and drawing the line BE to intersect the hori- 
zontal lines CD and EF, then reversing the triangle and draw- 
ing the line 6 F to intersect the same horizontal lines. 

This problem finishes Plate II. The directions for inking 
in, lettering, etc. are the same as for Plate I. 


Pic, 12 


PLATE I 


13. The border lines for Plate III are to be drawn as 
explained for the previous plates and the space inside the border 
lines is to be divided into 
six spaces in a similar man- jy / 
ner. 0 

PROBLEM 10.—Two 
sides and the included 
angle of a triangle being 
given, to construct the 
triangle. 


CoNnsTRUCTION.—In 
Fig. 18, make the given sides 
M N 23 inches long and PQ 
1$ inches long. Let O be the given angle. Draw AB equal 
in length to PQ. Make the angle CBA equal to the given 
angle O, and make CB equal in length to the line MN. Draw 


N 0) A B 


Fie. 13 
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CA, and CAB is the re- A, , B 
quired triangle. 


PROBLEM 11—To : 
draw a parallelogram , 
when the sides and 'D Cc~ 
one of the angies are 
given. 


CoNsTRUCTION.—In 
Fig. 14, make the given 
sides MN 23 inches long and PQ 1% inches long. Let O be 
the given angle. Draw AB equal to MN, and draw BC, 
making an angle with A B equal to the given angle O. Make 
BC equalto PQ. With C as 
a center and a radius equal to 
MN, describe an arc at D. 
With A as a center and a 
radius equal to PQ, describe 
an arc intersecting the other 
arcin D. Draw ADand CD, 
and ABCD is the required 


LN parallelogram. 
Fic. 15 


Fic. 14 


PROBLEM 12.—An are and 
its radius being given, to find the center. 


ConstTRucTION.—In Fig. 15, AC DB is the arc, and MN, 
* inches long, is the radius. With MN as 
a radius, and any point C in the given arc 
as a center, describe an arc at O. With 
any other point D in the given arc us a cen- 
ter and the same radius, describe an arc 
intersecting the first in O. O is the required 
center. 


PrRoBLEM 13.—To pass a circumfer- 
ence through any three points not in 
the same straight line. Fic. 16 


Construction.—In Fig. 16, A, B, and C are the given points. 
With A and B as centers and any convenient radius, describe 
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arcs intersecting each other in K and J. With B and C as 
centers and any convenient radius, describe arcs intersecting each 
otherin Dand &. Through I 
and K and through D and E 
draw lines intersecting at O. 
With O as acenter and OA as 
a radius, describe a circle; it 
will pass through A, B, and C. 


PROBLEM 14.—To inscribe 
a square in a given circle. 


ConstrucTion.—In Fig. 17, 
the circle A BC D is 3% inches 
in diameter. Draw two di- 
ameters, AC and DB, at right 
angles to each other. Draw the lines AB, BC,CD, and DA, 
joining the points of intersection of these diameters with the 
circumference of the circle, and 
they will be the sides of the 
square. 


PROBLEM. 15—To inscribe a 
regular hexagon in a given 
circle. 


Construction.—In Fig. 18, 
from O as a center, with the com- 
passes set to a radius of 1? inches, 
describe the circle ABCDEF. 
Draw the diameter DOA, and ke 
from the points D and A, with the compasses set equal to the 
radius of the circle, describe arcs intersecting the circle at E,C, F, 
and &. Join these points by straight lines, and they will form 
the sides of the hexagon. This problem completes Plate III. 
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PLATE IV 


14. The first four problems on this plate are more difficult 
than any on the preceding plates and will require very careful 
construction. All the sides of each polygon must be of exactly 
the same length, so that they wiil 
space around evenly with the 
dividers. The figures should not 
be inked in until the pencil con- 
struction is done accurately. 
The preliminary directions for 
this plate are the same as for the 
preceding ones. 


PROBLEM 16.—To inscribe a 
regular pentagon in a given 
circle. 


Fic. 19 


ConstTRucTION.—In Fig. 19, 

from O asa center, with the compasses set to 1? inches, describe 
the circle ABCD. Draw the two diameters AC and DB at 
right angles to each other. Bisect one of the radii, as OB, at I. 
With Jas a center and JAas a 
radius, describe the are AJ cut- 
ting DO at J. With A asa cen- 
ter and AJ as a radius, describe 
anare J H cutting the circumfer- 
enceat H. Thechord A H isone 
side of the pentagon. With the 
dividers set to this distance, step 
off the sides A E, EF, etc. 


A 


PROBLEM 17.—To inscribe a 
regular octagon in a given 


Fic. 20 circle. 


ConstrRucTion.—In Fig. 20, from O as a center, with the 
compasses set to 1# inches, describe the circle ABCDEFG H. 
Draw the two diameters AF and GC at right angles to each 

154—5 
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other. Bisect one of the four equal arcs, as AG, at H, and 
draw the diameter HOD. Bisect another of the equal arcs, 
as AC, at B, and draw the diameter BOF. Straight lines 
drawn from A to B, from B to C, etc. will form the required 
octagon. 


PrRoBLEM 18.—To inscribe a regular polygon of any 
number of sides in a given circle. 


ConstTRUCTION.—With O, Fig. 21, as a center and a radius 
equal to 12 inches, describe the circle A7BC. Let A7 BC 
be the given circle in which it is required to inscribe a regular 

polygon of any number of sides. 

Draw the two diameters C7 and AB 

perpendicular to each other. Divide 

the diameter C7 into as many equal 
parts as the polygon has sides. We 
have chosen to inscribe a heptagon, 
so that the diameter is divided into 
_ seven equal parts. Prolong the di- 
“ ameter A B and with C or 7 as a cen- 
ter and C7 as a radius, describe an 
arc to intersect the vertical center 
line A B at 3’. Through 3’ and 2, the 
second division from C on the diame- 
ter C7’, draw the line 3’ D cutting the 
circumference at D. Draw the chord CD, and it is one side 
of the required polygon. With the dividers set equal to 
CD, step off the circumference. The end of the seventh ~ 
division should coincide exactly with the beginning of the 
first. The length of each side of any regular polygon is always 
determined by a line drawn from 3’ through the second hori- 
zontal division on C’7 to intersect the circumference, as at D, 
in Fig. 21. 

The draftsman frequently solves this problem by “spacing.” 
This method requires practice, as the spacing may require 
several adjustments of the dividers, but it should be practiced, 
as the mechanical draftsman must be expert in the use of 
drawing instruments. 


Fic. 21 
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PROBLEM 19.—The side of a regular polygon being 
given, to construct the polygon. 


Construction.—In Fig. 22, let AC be the given side 11 inches 
long. The polygon is to have eight sides. Produce AC to B. 
From C as a center and with a i pe 
radius equal to CA, describe the 
semicircle AT23456678B, and 
divide it into as many equal parts 
as there are sides in the required 
polygon (in this case eight). From 
the point C, and through the second 
division from B, as 6, draw the 
straight line C6. Bisect the lines 
AC and C6 by perpendiculars in- - 
tersecting inO. From O as a cen- 
ter and with OC as a radius, describe the circle CA HGF ED 6. 
From C, and through the points 1, 2, 3, 4, 6 in the semicircle, 
draw lines CH, CG, CF, etc., meeting the circumference. Join- 
ing the points 6 and D, D and E£, £ and F, etc. by straight 
hee lines will complete the re- 

quired polygon. 


PROBLEM 20.—To find 
an are of a circle having 
a known radius, which 
B shall be equal in length 
\ to a given straight line. 

\ Note.—There is no exact 


\ method, but the following ap- 
ae proximate method -is close 


\ 
\ enough for all practical purposes 
A c. When the required are does not 
D 


exceed one-sixth of the circum- 
Fic. 23 ference. 


ConstrucTion.—In Fig. 23, let AC be the given line 

4 inches long. At A, erect the perpendicular AO, and make 
it equal in length to the given radius, say 4 inches long. 
With OA asa radius and O as a center, describe the arc ABE. 
Divide AC into four equal parts, A D being the first of these 
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parts, counting from A. With D as a center and a radius DC, 
describe the arc CB intersecting ABE in B. The length of 
the are AB very nearly equals the length of the straight 
line A C, 


PROBLEM 21.—An are of a circle being given, to find a 
straight line of the same length. 

This is also an approximate method, but close enough for 

practical purposes, when the arc 

does not exceed ane-sixth of the 
€ circumference. 


ConstrucTion.—In Fig. 24, let 
AB be the given arc drawn with 
the radius OA. For this prob- 
lem, choose the arc so that the 
radius will nat exceed 1? inches. 
\ Fic. 24 At A, draw AC perpendicular to 
the radius (and, of course, tan- 
gent to the arc). Draw the chord A B, and prolong it to D, so 
that AD equals $ the chord AB. With D as a center anda 
radius DB, describe the arc BC cutting AC inC. AC will be 
very nearly equal to the arc AB. 


PLATE V 


15. On Plate V there are five problems instead of six, as 
on the preceding plates. It should be divided into six equal 
parts, or divisions, as in the previous cases. The two right- 
hand end divisions are used to draw in the last figure of Plate V, 
which is too large to put in one division. 


PROBLEM 22.—To draw an egg-shaped oval. 


ConstTRuUCTION.—In Fig. 25, on the diameter A B, which is 
¢ inches long, describe a circle AC BG. Through the cen- 
ter O, draw OC perpendicular to AB, cutting the circumfer- 
ence AC BG inC. Draw the straight lines BCF and ACE. 
With 6B and A as centers and the diameter AB as a radius, 


§ 13 GEOMETRICAL DRAWING 69 


describe arcs terminating in D and H, the points of inter- 
section with BF and AE. With C as a center, and CDasa 
radius, describe the are DH. The 
curve AD HBG is the required oval. 


G 


PROBLEM 23.—To draw an 
ellipse, the diameters being 
given. 


ConstRucTION.—The ellipse to be 
constructed is to have a long diame- 
ter, or major axis, of 34 inches and 
a smali diameter, or minor axis, of 
2i inches. Draw two concentric cir- 
cles, using radii of lengths equal to 
one-half those of the given diame- 
ters of the ellipse. Then, as in 
Fig. 26, through the common center O, draw vertical and hori- 
zontal center lines, AC being equal to the long diameter and 
B D equal to the short diameter of the ellipse. 

From the center O to the circumference of the large circle, 
draw any desired number of radial lines, as 7, s, t, u, v, which 
also pass through the cir- 
cumference of the smaller 
concentric circle in points 
ToS FO 

From the points where 
the radial lines intersect 
the circumference of the 
larger circle, as7, s, t, 4, 0, 
draw vertical lines par- 
allel to B D, and from the 
points where the radial 
lines intersect the circum- 
ference of the smaller 
eitcle, aso 7s", t, 4.0", 
draw horizontal lines parallel to AC; the points where these 
lines intersect, as 5, 4, 3, 2,1, are points through which the 


curve of the ellipse is to be drawn. 
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Trace a curve with the pencil through the points thus found 
by placing a celluloid irregular curve on the drawing in such 
a manner that one of its bounding lines will pass through three 
or more points, judging with the eye whether the curve so traced 
bulges out too much or is too flat. Then adjust the curve 
again, so that its bounding line will pass through the next 
three or more points, and so on, until the curve is completed. 

a Considerable practice is 
required to be able to 
draw a good curved line 
in this manner, and the 
general appearance of the 
curve thus drawn de- 
pends a great deal on 
judgment and accuracy. 

When inking, do not 
fail to place a piece of 
paper folded double the 
thickness under the ir- 
regular curve to raise it 
slightly from the paper to 
guard against making blots caused by the ink flowing onto the 
under side of the curve. 


Fic. 27 


PRoBLEM 24.—To draw an ellipse by circular arcs. 
An ellipse made with circular arcs is not true in form but the 
method is very convenient for many purposes. 


CoNSTRUCTION.—See Fig. 27. Use the same dimensions as in 
Problem 23. Onthe major axis A B, set off A a equal to C D, 
the minor axis, and divide a B ino three equal parts. WithOas 
a center, and a radius equal to the length of two of these parts, 
describe arcs cutting A B ind and d’. Ondd’ asa side, con- 
struct two equilateral triangles dbd’ and db’d’. With b as 
a center and a radius equal to b D, describe the arc g Df 
intersecting bd f and bd’ g in f and g. With the same radius 
and b’ as a center, describe the are c Ce intersecting b’ d’c 
and b’de inc and e. With A and B as centers and a radius 
Ac or Be, describe ares cutting AB very near to d’ and d. 
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From the points of intersection of these arcs with the line AB 
as centers and the same radius, describe the arcs cA g and eBf. 


PROBLEM 25.—To draw a parabola, the axis and longest 
double ordinate being given. 


EXPLANATION.—The curve shown in Fig. 28 is a parabola. 
This curve and the ellipse are the bounding lines of certain 
sections of a cone. The line O A, which bisects the area 
included between the curve and the line BC, is called the 
axis. Any line, B A or AC, drawn perpendicular to O A, 
and whose length is included between O A and the curve, is 


called an ordinate. Any line, as 6 C, drawn from one side 
of the curve to the other, is called a double ordinate. The 
point O is called the vertex. 


ConstrucTION.—Make the axis O A equal to 34 inches, and 
the longest double ordinate B C equal to 3 inches. 6 A, of 
course, equals AC. Draw DE through the other extremity 
of the axis and perpendicular to it; also draw b D and C E 
parallel to O A and intersecting D Ein Dand E. Divide DB 
and A B into the same number of equal parts, as shown (in 
this case six); through the vertex O, draw O1, O 2, etc. to 
the points of division on DB, and through the corresponding 
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points 1, 2, etc., on A B, draw lines parallel to the axis. The 
points of intersection of these lines, a, b, c, etc., are points on 
the curve, through which it may be traced. In a similar 
manner, draw the lower 
half OfghilC of the 


Curve. 


PROBLEM 26.—To 
draw a helix, the lead 
and the diameter be- 
ing given. 


In Fig. 29 is shown a 
rectangle F DE B, which 
represents a cylinder 
standing in a_ vertical 
position, as indicated by 
the axis AO passing 
through its center. Be- 
low this view of the 
cylinder is a circle that 
represents the bottom 
view. On the cylindrical 
surface F DE B is shown 
a curved line known as 
a helix. As this helix 
advances around the cyl- 
inder it describes a curved 
path B17’ 22'S’, ete. as 
shown. The distance that the curved line advances lengthwise 
of the cylinder during one complete revolution is the lead. The 
term pitch is sometimes used instead. The use of the term pitch 
in this connection is likely to cause confusion, as will be seen 
from the discussion of screw threads when the subject of 
Mechanical Drawing is reached. The lead of the helical curve 
is the distance from a point on the curve to a corresponding 
point on the same curved line measured parallel to the axis of 
the cylinder when the curve has made one complete revolution 
on the cylinder. 


CH 
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The helical curve and the lead can be illustrated more clearly 
by cutting a piece of paper A to triangular shape, as shown in 
Fig. 30. This triangular piece of paper, or pattern, has a 
right angle at a; its length ab is equal to one and one-half 
times the circumference of the cylinder, its side ac is equal to 
the height of the helical curve, and its hypotenuse is equal to 
one and one-half turns of the curve. If this piece of paper is 
wound on the cylinder B, its horizontal length gd’ will be found 
to cover one-half the cylinder; its horizontal length h e’ will 
cover the entire surface, its full length will cover the cylinder 
one and one-half times, and its hypotenuse will produce on 
the cylinder the helical curve c’deb’. The distance c’¢ is 
the lead. 


ConstTRUCTION.—Only Fig. 29 is to be drawn on the plate and, 
as mentioned before, this figure is to occupy two spaces. The 


Fic. 30 


diameter of the cylinder is 33 inches, the lead is 2 inches, and 
a turn and a half of the helix is to be shown. The rectangle 
F BE Disa side view of the cylinder, and the circle 1’ 2’ 3’ 4’, 
etc. is a bottom view. It will be noticed that one-half of a 
turn of the helix is shown dotted; this is because that part of 
it is on the side of the cylinder that cannot be seen. Lines 
that are hidden are drawn dotted. Draw the axis O A in the 
center of the space. Draw F D 3% inches long and 4 inches 
from the top border line; on it construct a rectangle whose 
height F B equals 3 inches. Take the center O of the circle 

3 inches below the point H on the axis AO, and describe a 
circle having a diameter of 33 inches, equal to the diameter of 
the cylinder. Lay off the lead from B to 12 equal to 2 inches, 
and divide it into a convenient number of equal parts (in this 
case 12), and divide the circle into the same number of equal 
parts, beginning at one extremity of the diameter 12’-O-6", drawn 
parallel to BE. At the point 1’ on the circle divisions, 
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erect 1/-1' perpendicular to B E; through the point 7 of the 
lead divisions, draw 1-1’ parallel to B & to intersect the per- 
_ pendicular in 1’, which is a point on the helix. Through the 
point 2’, erect a perpendicular 2’-2’, intersecting 2-2’ in 2’, 
which is another point on the helix. So proceed until the 
point 6’ is reached; from this point to the point 12, the curve 
will be dotted. It will be noticed that the points of division 
7” 8', 9, 10’, and 11’ on the circle are directly opposite the points 
5’, 4', 8’, 2’, and 1’; hence, it was not necessary to draw the lower 
half of the circle, since the point 5’ could have been the starting 
point, and the operation could have been conducted backwards 
to find the points on the dotted upper half of the helix. The 
other curved full line of the helix can be drawn in exactly the 
same manner as the first half. 


REPRESENTATION OF OBJECTS 


16. An object as it appears to the eye may be represented 
in a drawing by an outline such as would be derived by tracing 
the form of the object from a photograph, and such an outline 
would be a good example of a perspective drawing. The 
perspective drawing shown in Fig. 31 
gives as clear an idea of an object as 
a view of the object itself would give. 
If, however, the edges a b and cd are 
measured on the drawing they will 
not be found to be the same, as they 
would be if measured on the object 
itself. Similarly, the edges ef, eb, 
and bc, which are equal on the object 
itself, will not be found to be the 
same when measured on the drawing. 
A perspective drawing, therefore, is unsuitable for obtaining 
measurements of different parts of an object. The true lengths 
of lines in perspective can be found only with great difficulty 
even by persons who are perfectly familiar with the method. 
What is known as a projection drawing is the kind of drawing 
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universally made’ when an object is to be represented in its 
true dimensions, and this kind of a drawing can be made more 
easily than a perspective drawing. 

In general, the size and shape 
of an object may be shown in 
three views, namely, a plan view, 
a front elevation, and a side eleva- 
tion, as shcwn in Fig. 832. These 
views would be meaningless if one Plan 
did not understand what the lines 
meant, and to understand what 
they mean it is necessary to 
understand how they are ob- 
tained. 

In Fig. 33, the object shown in 
Fig. 31 is assumed to be placed 
within a glass case, and the various views take their names from 
the different positions of the observer in his view of the object 
through the transparent sides, or planes. The top plane 1—2-6-7 


Front Elevation Side Elevation 


Fig. 32 


Mk Fic. 33 


is parallel to the top surfaces adkj and fghi of the object; 
the front plane 1-2-3-4 is perpendicular to the top plane and 
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parallel to the surface abe fi7 of the object. The side plane 
2-3-5-6 is at right angles to the top plane 1-2-6-7 and also te 
the front plane 1-2-3-4; and the planes 2-3-5-6 and 1 b= 
are parallel, respectively, to the side and the front surfaces of 
the object. 


17. To understand how views are obtained on any of these 
planes, assume that we are to obtain first the top view, or plan. 
yf 6 


; ie | 


D K 
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Imagine that the eye in Fig. 33 is brought successively verti- 
cally over the points a, d,h, g, f, and 7 on the object in the imag- 
inary glass case and that straight lines pass from these points 
through the transparent horizontal plane to the eye. These 
lines are sometimes referred to as lines of sight but more com- 
monly as projection lines, which are always at’ right angles to 
the plane. If, now, the top plane is regarded as a sheet of 
paper and the points where the assumed projection lines intersect 
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this plane, as A, D, H,G,F,I, are indicated on the paper 
and the points are connected by straigkt lines, we will have the 
rectangle shown in the top view, or plan, of Fig. 32. The 
round hole in the surface adj k is represented on the plan by a 
circle. Before the circle is described its center is located by the 
intersection of two lines drawn at right angles. 

The front elevation F I J] A B E, Fig. 33, in the front plane 
1—2-8-4 and the side elevation H DC BAI in the side plane 
2-3-5-6 are obtained in a similar manner to the top plane by 
assuming the line of sight to be in a horizontal direction. In 
the front and side views, the round hole, instead of being rep- 
resented by a circle as in the top view, is represented by two 
dotted lines with a center line between them. 

In practice, the three views of an object, instead of being 
shown on three different planes, are represented on one plane 
as on a sheet of paper. The relation of the views on a single 
plane will be better understood by assuming that the top plane 
of Fig. 33 is hinged along the edge /—2 and that the side plane is 
hinged along the edge 2-3, so that these planes can be swung 
into the plane of the front view, as shown in Fig. 34. The illus- 
tration then represents exactly what is shown in Fig. 32. 


18. The lines on which the planes are hinged represent the 
axis between the views, and they intersect in a center from which 
ares may be described to transfer points from one view to 
another, as shown in Fig. 35. The dimensions may, however, be 
transferred by the use of dividers, and as this is the customary 
practice, the lines of the planes and of the axis of revolution 
are omitted from the drawing. In many cases it is immaterial 
which view of a drawing is made first; in some cases it is the 
most convenient to draw the plan first and in other cases to 
draw the elevation first. 

In the preceding discussion, only three views have been 
considered. The relative location of these views, however, 
must be fixed firmly in mind in order to read a mechanical 
drawing easily and to obtain a correct idea of the form of the 
objects drawn. In all drawings made by this method, the 
plan is always shown at the top, the front elevation below it, 
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and the right side elevation at the right of the front elevation, 

or plan. The views on the three other planes may be obtained 

in a similar manner by projecting points from the object. The 

bottom plan would be projected on the plane below the front 

elevation; the left side view would be projected to the left of 
y 6 
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the front elevation; and the rear view would be projected either 
to the right or the left of the side elevations. 


19. The foregoing explanation of the manner in which the 
different views of an object are obtained on a single plane 
should have prepared the student for the work on the drawing 
plates that are to follow, and the work on these plates may now 
be commenced. In order to distinguish clearly the figure 
numbers on the plates from those of the figures given in the 
text, the figure numbers referring to the plates are printed in 
heavy-faced type. 


s 


DATE Copyright, 1893, 1894, 1896, 1897, 


-LIERY ENGINEER COMPANY Name, CLAss LETTERS, AND NUMBER 
“BOOK COMPANY 
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DRAWING PLATE, TITLE: PROJECTIONS—I 


20. Arrangement of Figures.—On the preceding plates, 
the space was divided into a number of equal parts so that the 
figures of the different problems could be 
centrally located. The sizes and shapes 
of the figures for the plates that are to 
follow differ so widely that it is not ad- 
visable to attempt to divide the space 
into equal parts. Instead, the location 
of each figure will be given, so that the 
drawing will have a neat appearance. In 
no case should a figure come nearer 
than ? of an inch to the border line. ¢ = aay 
For this, as well as succeeding plates, ua 
border lines are first to be drawn as explained for Plate I. 


_€ 


h 


21. Views of a Rectangular Prism.—In Fig. 36 is 
‘shown a rectangular prism standing on one of its ends and of 
which three views are to be drawn, as shown in Fig. 1 of the 
: drawing plate. The 
reason why the three 
views occupy the rela- 
tive positions shown 
will be clear from 
Fig. 37, which shows 
the prism X standing in 
a glass case and the dif- 
ferent views projected 
on the planes. The 
front elevation A BDC 
on the plane 1—2-3-4 is 
a projection of the face 
abdc of the prism, the 
side elevation BE HD 
on the plane 2-6-5-3 is a projection of the face b eh d, and the 
top view A BEF on the plane 1—2-6-7 is a projection of the face 
abef. The views of Fig. 37 are lettered to correspond with 


6 


Oe 
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those on the drawing plate, and if the planes are revolved in the 
manner previously explained the views will occupy the posi- 
tion shown on the plate. 

The prism is 2 inches long, 14 inches wide, and } inch thick. 
To construct the figure, draw a pencil line across the entire 
sheet 42 inches from the upper border line as a base line for 
the first four figures, and on this base line, $ inch from the 
left-hand border line, locate the point C of the front elevation. 
From the point C lay off C D on the base line the width of the 
prism, 14 inches. From these poihts draw two vertical lines of 
indefinite length and on these lines lay off the distance CA and 
DB equal to the height of the prism, 2 inches. The front 
elevation is completed by drawing the horizontal line A B. 

To construct the plan, draw horizontal lines A B and FE 
3 inch apart to connect the extended vertical lines of the front 

e elevation. To construet the side eleva- 
“ll tion, extend the line AB and from the 
points D and H on the base line draw two 
vertical lines # inch apart to intersect the 
extended horizontal line in the points B 
and &. This completes the side elevation. 


22. Views of Wedge, Triangular 


in Plan.—In Fig. 38 is shown a per- 
spective view of a triangular prism, or 
wedge, of which a drawing is to be made. 
This triangular prism may be considered 
as one-half of the prism shown in Fig. 86, since, if the prism were 
cut vertically along a line from a to e, two triangular prisms like 
that shown in Fig. 38 would be produced. 

To make the drawing, construct the front elevation first, 
locating point C 5 inches from the left-hand border line, then 
the side elevation, and the plan last. The front and side eleva- 
tions are constructed in exactly the same way as for Fig. 1. 
The plan, however, is triangular in shape, and a line from A 
to E completes this view. 


h 
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23. Views of Wedge, Triangular in Front View. 
If the rectangular prism of Fig. 36 were cut through from front 
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to back along a diagonal line drawn from a to d, a wedge like 
that shown in Fig. 89 would be produced. The front elevation 
of this wedge will be a triangle. To ob- 
tain the front elevation shown in Fig. 3, 
first locate point C 73 inches from the 
right border line and erect two vertical 
lines from C and D at a distance of 
13 inches from each other. Make AC 
2 inches in height, and from the point A 
in the elevation draw a line to D. Then 
ACD is the desired elevation. It will 
be observed that the triangle A DC is 
just half of the rectangle ab dc forming 
the front face of the rectangular prism of Fig. 1. The plan 
and side elevation of the wedge in Fig. 3 are like those of the 
rectangular prism and are drawn in the same way. 
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24. Views of Wedge, Triangular in Side View.—In 
Fig. 40 is shown a perspective view of a form of wedge obtained 
by cutting the rectangular prism shown in Fig. 36 along a 
diagonal line from b to h. The plan and front elevation in 
Fig. 4 correspond with those of the prism and are drawn in 
the same manner. The side elevation, however, is triangular 
in form and may be drawn by extending the lines A B and 
C D horizontally; between the lines thus prolonged draw a 
vertical line B D. From D set off horizontally a distance of 
2 inch, locating H, and draw BH. The side elevation B D H 
a b is thus a triangle, and is one-half of the 
lk rectangle DB HE forming the side ele- 
vation of the rectangular prism shown 
in Fig. 1. 


25. Necessity for Three Views of 
Some Objects.—A comparison of 
| Figs. 2, 3, and 4 with Fig. 1 will serve 
to show why three views of some objects 
Hee are necessary in order to fully define 
their shapes. In Figs. 1 and 2, the side elevations and 
front elevations are alike and if no other views were given 
154—7 


ft 
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it would be impossible to determine whether the objects rejp- 
resented by the two drawings were the same or not. How- 
ever, as soon as the plan of each is added, it is seen immediately 
that one is a rectangular prism and the other a triangular 
prism. In Figs. 1 and 3, the plans and side elevations are of 
the same size and shape, but the front elevations differ, thereby 
showing the difference between the two objects illustrated in 
the drawings. Again, the front elevations and plans of Figs. 1 
and 4 are alike and no difference in the objects represented 
could be determined by these views alone. By adding the side 
elevation of each, the difference is at once clearly shown. 


26. Views of a Cylinder.—In Fig. 5 is shown a plan and 
an elevation of a cylinder, 2 inches long and 1} inches in diam- 
eter. The plan, or top view, of this object is a circle, and the 
front elevation is a rectangle. No side elevation is given, for 
the reason that it is not needed, as it is the same as the front 
elevation. 

Draw the plan view of Fig. 5 first. Begin by drawing the 
center line pq 64+ inches below the upper border line, and this 
line may be extended to serve as a guide line for the plan views 
of Figs. 6 and 7. Erect the vertical center line mn 12 inches 
from the left-hand border line, and with the point of intersection 
of this line with the line pq as a center, describe a circle with a 
radius of 2 inch, thus completing the plan. To construct the 
elevation, draw a horizontal base line 3% inches below pq, and 
extend this line across the plate to serve as a_base line for 
Figs.6 and 7. Project two vertical lines from the horizontal 
diameter of the circle to intersect the horizontal base line in 
the elevation. On the center line m~ locate a point 2 inches 
above the base line and through this point draw a horizontal 
line extending to the projected sides, thus completing the 
elevation. 


27. Views of a Hexagonal Prism.—In Fig. 41 is shown 


a perspective view of a regular hexagonal prism, three views 
of which are to be drawn as shown in Fig. 6. The prism is 
2 inches long and 1% inches thick, measured between any two 
parallel sides. 
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The plan, which is a regular hexagon, is drawn first, with two 
of the parallel sides horizontal. To begin, draw a center line mn 
54 inches from the left-hand border line and at right angles to 
it draw the center line pq. From the point of intersection O 
as a center and a radius equal to one-half of the distance between 
two parallel sides (§14’"=28’), describe a 
circle. Now, use the T square to draw two 
horizontal lines of indefinite length through the 
points of intersection of this circle with the cen- 
ter line mn. By means of the T square and 
60° triangle, draw A B and C D through O, 
which makes the angles AO q and CO p each 
equal 60°. This is done by keeping the longer 
of the two short sides of the triangle vertical, 
and passing the pencil along the hypotenuse. 
From the points of intersection of A Bb and C D with the two 
horizontal lines, draw E K and HG parallel to C D. From F 
and J, the'points of intersection of CD with the same two hori- 
zontal lines, draw FG and K J parallel to Ab. This completes 
the hexagon, or plan, of the prism. 

To draw the front elevation of the prism, measure off from the 
point L on the center line mu a distance of 2 inches, locating 
the point /, and through this point draw a horizontal line for 
the top edge of the prism. Project the points K, J, H, and G of 
the plan to K’G’, as shown by the projection lines; and 
through the points of intersection of these projection lines with 
K’'G’ draw the vertical lines K’ M, I'N, H' P, and G’Q, thus 
completing the front elevation. 

For convenience in this case, the side elevation of the prism 
is drawn at the left of the front elevation. It could just as 
well have been drawn at the right, as in previous cases. To 
draw the side elevation, extend the line K’G’ to the left and 
draw the center line tv. Lay off on each side of the center line 
a distance equal to one-half the distance between the parallel 
sides, or 3 inch, and draw vertical lines FE’ X, I’ N’. Draw the 
vertical line M’ K’’, which will coincide with the axis, and the 
side elevation is complete. The sides of the hexagon in the plan 
should be accurately drawn before projecting them. 
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28. Views of a Hexagonal Pyramid.—In Fig. 42 is 
shown a perspective view of a hexagonal pyramid for which 
views are to be drawn as shown in Fig. 7. The base is a regular 
hexagon of the same size as the base of the prism in Fig. 6. 
The plan, therefore, is constructed in the same way as for the 
prism. This gives A,B,C,D,E,F, Fig. 7. From O, which is 
located 642% inches from the right-hand border line and at the 
intersection of the two center lines, draw lines O A, O 6,0 C, 
OD, OF, and OF, which are the horizontal projections of the 
slanting edges of the pyramid. Then, to draw the front eleva- 
tion, lay off O I on the center line m 1 equal to the altitude, and 
through I draw the line A’D’. Project the points D, £, etc. 
of the plan on A’ D’, as shown by the projection lines, and join 
them with the point O by the lines A’O, F’O, E’O, and D’O; 
these lines are the vertical projections of the 
edges of the pyramid. ‘The side elevation can be 
easily drawn, and does not require a special de- 
scription. The length of the base B F is equal 
to the distance between the parallel sides, or 
12 inches. 


29. Views of a Rivet.—In Fig. 8 is shown 
a plan and an elevation of a rivet ¢ inch in di- 
ameter and having a button head 14 inches in 
diameter. A side elevation is not necessary, as it is exactly the 
same as the front elevation. Draw the plan view first, locating 
the center line pq at a distance of 63%; inches from the lower 
border line. At the distance of 4§ inches from the right-hand 
border line draw the vertical center line mn. With the bow- 
pencil set to a radius of # inch, describe a circle from the 
point O for the plan view and also a dotted circle from the 
same center with the bow-pencil set to a radius of 7% inch, 
or one-half the diameter of the rivet. Now draw a horizontal 
line of indefinite length at a distance of 12 inches below pq 
for the base line A B of the head of the rivet. Project lines 
from the points on the circumference of the large circle where 
it intersects the center line p q to intersect the line locating the 
base line A B of the head. On the center line mn lay off 


Fic, 42 


§ 138 GEOMETRICAL DRAWING 85 


the point O $3 inch above the base line A B for the height of the 
head, and from a center located on the line mn describe with 
the compasses an arc passing through the points A,O, and B. 
Now, to complete the figure, project the diameter of the rivet 
from the dotted circle in the plan and draw the lines EF G and 
FH. ‘The irregular line G H indicates that only a part of the 
rivet is shown. This is done so that too much space will not 
be taken up on the drawing. This part is shown sectioned to 
represent wrought iron. 


30. Views of a Square-Headed Bolt.—In Fig. 43 is 
shown a perspective view of an ordinary square-headed bolt 
of which a plan and elevation is to be drawn as shown in Fig. 9. 
The bolt is ~ inch in diameter, has a head 1? inches square, 
and is 42 inch thick. To construct the figure, 
draw a vertical center line mn at a distance 
of 17% inches from the right-hand border line 
and another center line A B at a distance of 
62 inches from the lower border line. Con- 
struct the plan view of the head by making a 
square. 1312". A quick method of con- 
structing the square is to describe a circle 
with a radius of 44 inch, or one-half the di- 
mensions of the square, and draw vertical 
and horizontal lines tangent at the points where the center 
lines A B and mn cut the circle. At a distance of 2 inches 
below the center line A B draw a horizontal line of indefinite 
length to locate the line C D representing the lower edge of 
the head in the elevation. Project the vertical side lines 
of the plan to the elevation, thus defining the width of the head 
in‘ the points CD. Measure off from the line C D vertically 
a distance of +2 inch, for the height of the bolt head. The 
head is to be chamfered at the corners, and this is defined by 
an are drawn tangent to the top edge of the bolt head and 
with a radius of 12 inches from a point on the vertical center 
line mn. A dotted circle is now drawn in the plan view with 
a radius of 74 inch, or one-half of the diameter of the bolt. 
From the plan view the diameter of the bolt is projected to 
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the elevation and lines EG and FH are drawn. The circle 
in the plan view is shown dotted to indicate that the bolt 
cannot be seen in that view. 


31. Views of a Distance Piece.—Fig. 10 shows a 
distance piece used to separate two machine parts a certain 
distance, and for which a drawing is required. To construct 
the figure, draw a horizontal center line m m 1{ inches from the 
lower border line, extend it across the entire sheet to serve for 
Figs. 11 and 12, and through this line at a distance of 67 inches 
from the left border line draw a center line pq at right angles 
to it. Draw the side elevation first by describing a circle with 
a l-inch radius for the two end flanges. Then describe a 
dotted circle with the bow-pencil set to a radius of }-inch to 
represent the outside diameter of the cylinder and inside it a 
circle to represent a 32-inch hole through it. Now, draw two 
vertical lines 4 inches apart to define the total length of the 
distance piece, and next draw parallel lines 4 inch from each 
end, to indicate the thickness of the flanges. Project from the 
side elevation to the front elevation horizontal lines to define 
the diameter of the flanges and the cylinder between the flanges, 
and also dotted lines to define the hole through the piece. Use 
a radius of $ inch for the fillets at A, B, C, and D and round 
the corners at EL, F,G, and H with the same radius. 


32. Views of a Circular Cast-Iron Washer.—In Fig. 11 
is shown a circular cast-iron washer square in cross-section. 
In this case, instead of making an elevation and plan, only an 
elevation is drawn and a sectional view is taken through this 
elevation along the line pq; that is, the washer is imagined to 
be cut along the line pq, with the part to the left removed, which 
gives a sectional view as shown. 

Begin by drawing a vertical center line pq at a distance of 
}; inches from the right-hand border line and, with the com- 
passes set to a radius of 1 inch, describe a circle representing 
the outside diameter of the ring, and from the same center, 
and with a radius of 3 inch, describe another circle representing 
the inside diameter. Now, to the left of this view, lay off two 


vertical lines % inch apart to represent the thickness of the 
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washer, and from the elevation project horizontal lines to the 
sectional view. The corners of this section should be rounded 
with a radius of #5 inch. 


33. Section Lines.—In order to distinguish a sectional 
drawing without any possibility of mistake, so-called section 
lines are employed. These are usually made by laying a 
45° triangle against the edge of the T square and drawing a 
series of parallel lines as.equally spaced as can be judged by 
the eye. For cast iron, these lines are full, thin lines, all of 
the same thickness, and must not be drawn too near together. 
The method of sectioning for other materials will be given 
later. It is not customary to draw the section lines in pencil, 
but to wait until the outlines of the drawing have been inked 
in and then make the section lines directly with the drawing 
pen. Section lines should be spaced not less than 3's inch apart, 
unless, as in Figs. 11 and 12, the drawing is of such small 
dimensions as to cause a sectioning of this spacing to look 
coarse. In these two figures, space the section lines a full 
33 inch apart. The only parts of the figure to be sectioned are 
those surfaces that are produced by cutting the ring along the 
line p q, both views of the figure being projections on the ver- 
tical planes. 


34. Views of a Cast-Iron Cylindrical Ring.—Fig. 12 
is a cast-iron cylindrical ring. It is shown in elevation and in 
sectional elevation. The dimensions given suffice for the draw- 
ing of the figure without further explanations. ‘The extremities 
of the diameter of the small circle in the elevation are pro- 
jected to the sectional side elevation in the points A and Bb. 


35. Inking In of Figures.—The pencil lines showing the 
construction of the figures of the drawing plate Projections—I 
are now complete and the entire plate is to be inked in, including 
the dimension lines and figures. When inking in a drawing, 
it is generally best to draw the circles and curved lines first 
and the straight lines last. This enables the draftsman to 
blend the straight lines into the curved lines so that their points 
of meeting cannot be detected. Also, tangent lines can be 
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drawn with better success, and the time for inking in is short- 
ened. It will be noticed that on the drawing plate some of the 
straight lines are heavy and some light, and that parts of full- 
line circles are heavy and other parts light. The heavy lines 
are shade lines, which are described later in this Section. The 
dotted lines used to indicate the parts of the figures that are 
hidden must be of the same thickness as the full lines; the 
construction lines and center lines should be very thin. 


36. Dimension figures are to be made § inch high and the 
fractions are to be made 34 inch high. On some of the plates 
that are to follow there may not be room for figures of this size. 
In such cases, the figures may be made smaller, but care must 
be taken to make them clear. Until the student has had suf- 
ficient practice in letter- 
ing, he should draw guide 
lines in pencil for the 
dimension figures, as 
shown in Fig. 44. All 
the figures should have 
the same slant of 60°, 
and, when printing frac- 

Fic, 44 tional dimensions, the 

whole fraction should 

have the same slant as the figures; that is, the denominator 

should not be vertically under the numerator but a little to the 

left, so that a slanting guide line would pass through the middle 

of both the numerator and denominator, as shown in the illus- 

tration. The dividing line between the numerator and denomi- 

nator of a fraction is always to be a horizontal line. A slanting 
division line is never permissible on drawings. 


37. Dimension and extension lines must be light, broken 
lines of the same thickness as the center and construction lines. 
Care should be exercised to make the arrowheads as neatly 
as possible and of a uniform size. They are made with a 
Gillott’s No. 303 pen, or any other fine lettering pen, and their 
points must touch the extension lines, as illustrated in Fig. 45. 
Do not make arrowheads too flaring. 
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When putting in the dimensions, care should be taken to 
give all that would be needed to make the piece which the 
drawing represents, but usually the same dimensions would not 
be given on different views. On complicated drawings it is 
sometimes advisable to duplicate dimensions, as this facilitates 
the reading of the drawing. In Fig. 1 of the plate, the length 
is given in the front elevation as 2 inches, and it is obviously 
unnecessary to give the same dimension in the side elevation. 
Again, the dimension lines should be put where they would 
be most likely to be looked for. In Fig. 10 the diameter of 
the central part of the distance piece is marked 1} inches in 
the front elevation; it could have been marked on the side 
elevation, as the diameter of the dotted circle, but a person 
wishing to find the size of this 
part would naturally look for it 
in the front elevation. This is 
also true of the diameter of the 


flange. The diameter of the hole | a | 
could be on the side elevation or | 
front elevation, but it is put on ght 


; i ae : 
the side elevation because it is BiG. 45 


denoted there by a full line, while in the front elevation the hole 
is shown by dotted lines. The lines of a drawing should never 
be crossed by dimension lines when possible to avoid it. In 
Figs. 2 and 4 the #inch and in Fig. 3 the 2-inch dimension 
lines have been placed outside of the figures, thus avoiding 
crossing the bounding lines of the figures. 

All the figures used for dimensions shown on this and suc- 
ceeding plates should be inked in on the drawing, but the let- 
ters used to describe the different objects should be omitted. 
The title should be made in block letters as shown on the sam- 
ple plate. The date, name, class letters and number are to 
be put on as in the preceding plates. 
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DRAWING PLATE, TITLE: PROJECTIONS—II 


38. When the surfaces of objects are parallel to the planes 
on which the views are drawn, the projected views represent 
the object in its true dimensions. When, however, a machine 
whose parts are placed at different angles is to be drawn, the 
projected outlines of the surfaces will not be represented in their 
true dimensions but will be foreshortened. The figures on the 
plate Projections—II represent objects similar to those in the 
preceding plate, but in some instances the surfaces are inclined 
to the planes of projection, consequently they are not repre- 
sented in their true dimensions; that is, they appear fore- 
shortened. 


39. Rectangular Prism Parallel to the Horizontal 
Plane but Inclined to All Vertical Planes.—On the pre- 
ceding plate, Projections—I, the front elevations A b C D of 
A Figs. 1, 2, and 4 repre- 
sented outlines true to 
their dimensions, as the 
front face abcd, Fig. 37, 
of the prism in each case 
was parallel to the front 
vertical plane. 

In. Fig. 1 of the plate 
Projections—II is shown 
the drawing of a prism 
whose front and _ side 
faces are not parallel to 
the front and side planes, 
and consequently are not | 
represented in their true 
dimensions. The drawing will be better understood by referring 
to Fig. 46, which shows a prism X whose face ab fe makes an 
angle of 30° with the front vertical plane, and consequently its 
projection on this plane is a foreshortened view. The face 
abcd of the prism, however, is parallel to the plane 1-2-6-7, 
therefore its projection ABCD, or plan view, will be in its 
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true dimensions. The edge line AB will make an angle of 
30° with the front vertical plane. Points on the different 
surfaces of the prism, Fig. 46, are projected to the transparent 
planes to produce the front and side elevations and the plan 
view, and when the planes are revolved to one plane the 
views will occupy the same relative positions shown in Fig. 1, 
in which the letters on the different views correspond with 
those on Fig. 46. 

The prism is 2? inches long, 2 inches wide, and 1 inch thick. 
As the plan view shows true dimensions, this view is drawn first. 
To draw this view, locate the point B on a horizontal line 
2 inches from the upper border line and 23 inches from the left- 
hand border line, then construct a rectangle ABCD, 2”X1”", 
so that the parallel edges A B and D C make an angle of 30° 
with the horizontal line as shown. This can be done readily by 
using a 30° and 60° triangle with the T square. From A and B 
draw A Dand BC 1 inch long at right angles to A B and join D 
and C by a line parallel to AB. Then, A BC D is a rec- 
tangle 2’’1’’ and represents the plan, or top view, of the prism. 

To construct the front elevation, first draw a horizontal line 
5 inches from the upper border line, as a base line, and 22 inches 
above this line draw another horizontal line for the height of 
the prism. From the corner A of the plan view project a vertical 
line intersecting the two horizontal guide lines in the points A’ 
and #, and project similar lines from the corners 6 and C; the 
lines A’ EF, B’F, and C’G thus produced represent the edges of 
the prism visible in the front elevation. The projection to the 
point D of the plan view represents an edge that cannot be seen 
in the front elevation of the prism, therefore it is indicated by 
a dotted line. 

To construct the side elevation, extend the horizontal lines 
A’ C’ and EG of the front elevation to the right indefinitely. 
The widths of the foreshortened surfaces shown in the side eleva- 
tion are obtained by taking points from the plan view, which 
is viewed in the direction shown by the arrow. Projectors are 
drawn with the T square from each corner of the plan to inter- 
sect a vertical construction line J L, which represents the top 
edge of the vertical side plane 2-3-4-6, shown in Fig. 46. The 
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distances IC and K L are then transferred to the line A’D” with 
the dividers, thus locating points B”’,C’’, A’, D”, representing 
the top edge of the prism in the side elevation. Vertical lines 
drawn from three of these points to the base line & H’ define the 
visible edges B’ F’, CG’, and D’’ H’. The dotted line A” 2’ 
represents a hidden edge. This will be more easily seen by view- 
ing the plan in the direction indicated by the arrow. 


40. Rectangular Prism Parallel to the Front Ver- 
tical Plane but Inclined to the Horizontal and Side 
Vertical Planes.—The drawing of Fig. 2 is of the same prism 
as that shown in Fig. 1, but the prism is assumed to have its 
broad faces parallel to 
the front vertical 
plane and the prism is 
tipped in such a man- 
ner that its base makes 
an angle of 20° with 
> the horizontal plane. 
The perspective view 
of the prism shown in 
Fig. 47 gives a clearer 
idea of its position. 
In this illustration the 
face ab fe is parallel to 
the front edge 77 of the horizontal plane 77k/, and the edge f g 
of the prism rests on the surface of the horizontal plane. 

The front elevation is to be drawn first. This is a rectangle 
2? inches long and 2 inches wide standing with its lower side B A 
inclined at an angle of 20° to the horizontal plane. To draw 
this view, locate the point A at a distance of 8} inches from the 
left border line. From the point A draw a line at an angle 
of 20°, using a protractor as shown in Fig. 48. On this line 
locate the point B at a distance of 2 inches, or the width of the 
prism. At right angles to the line BA draw lines of indefinite 
length, and on these lines measure off 2% inches, or the height 
of the prism, locating the points C and D, through which draw 
a line parallel to B A. 
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To construct the plan, draw vertical projection lines from the 
points B, C, A, and D upwards as shown. Across them draw 
a horizontal line 25 inches from the upper border line, cutting 
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them in B’, C’, A’, and D’, and 1 inch above this draw a sec- 
ond horizontal line cutting them in F, F,G. and H. The edge 
whose projection is G A’ is the lowest edge of the prism and 
cannot be seen from above; hence, G A’ is dotted in the plan. 

To construct the side elevation, transfer the measurement, as 
D’ H, from the plan to locate the points A’’ and G’, which are 
1 inch apart. From A’ G’ erect two perpendicular lines of 
indefinite length. Then 
draw horizontal pro- 
jection lines from the 
points .C, D, B, and A 
of the front elevation to 
intersect these vertical 
lines. The edge B’ EF’ is 
hidden in the side view 
and is therefore indicated 
by a dotted line. 


41. Rectangular : 
Prism Parallel to the 
Front Vertical Plane but Inclined to the Horizontal and 
Side Vertical Planes.—The drawing of Fig. 3 is of the same 
prism as that from which the drawings of Figs. 1 and 2 were 
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made, but in this case the narrow side of the prism is parallel 
to the front vertical plane and its base makes an angle of 173° 
with the horizontal. Its position will be more clearly seen from 
Fig. 49. In this illustration the side aehd is parallel to the 
front vertical plane, the broad side ab fe is inclined to the side 
vertical plane, and the base gfeh is inclined 173° to the 
horizontal. 

Draw the front elevation first. This is a rectangle 2} inches 
long and 1 inch wide. Locate the corner A on the horizontal 
guide line 42 inches from the right border line, construct the 
rectangle at the required angle, and project the plan view and 
side elevation from the front elevation. No further explana- 
tion is necessary, as the views are constructed in a similar 
manner to those of Figs. 1 and 2. 


42. Hexagonal Prism Inclined to the Horizontal 
Plane but Parallel With the Front Vertical Plane.—In 
Fig. 4 is shown the projections of a hexagonal prism, which 
is assumed as being parallel to the front vertical plane and 
as having the base tilted at an angle of 30° with the horizontal 
plane. 

A plan view of the regular hexagon A BC DE F is to be 
drawn first. Begin the plan by describing a circle with a radius 
of # inch from a center O located at a point 42 inches from the 
lower border line and 384 inches from the left border line. 
Through O draw center lines ab and AD at angles, respectively, 
of 60° and 30° to the horizontal. Now, with the dividers set to 
+ inch, the radius of the circle, lay off the points A,B,C, D,E, F, 
on the circle for the hexagon, beginning at the point A, and by 
connecting these points complete the plan view. 

Begin the elevation by drawing a horizontal line 2 inch 
above the lower border line and extend it across the sheet. 
Next, project a line from the corner D of the plan parallel to 
the center line ab and intersecting the horizontal guide line 
in the point /. From the point J measure off a distance of 
2 inches on this slanting line, locating the point D’, which 
is the height of the prism. Now, from the points J and D’, 
draw two lines of indefinite length at an angle of 30° with the 
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horizontal, and from the plan project the corners A, F, E, 
and D to the line GJ of the elevation, thus producing the 
edges A’ G, F’ L, and E’ K. 

To obtain the side elevation, first draw a series of horizontal 
MrOjecuon ines irom the points A’, H’, EB’ Dd’, G,.L, K, and J, 
and extend them to the right indefinitely. Draw a vertical 
center line a’ b’ at a distance of 5,4; inches from the left border 
line. Lay off on each side of the center line a’ b’ a distance 
of one-half the width of the prism, measured between parallel 
sides, thus determining the side edge lines fF” K’ and B’I’. A 
plan of the prism may be placed on the center line a’ b’ from 
which to project the vertical edge lines. Draw the connecting 
lines A” B’, A" F,” D” E’, etc., from the intersecting points of 
the vertical and horizontal projection lines, thus completing the 
view of the top and bottom surfaces of the prism. Corre- 
sponding letters are used in the three views, to assist in the 
reading. The edges L’G’ and G’ H’ are not visible in the side 
elevation and are therefore shown by dotted lines, 


43. Hexagonal Pyramid Whose Axis Is Inclined but 
Parallel to the Front Vertical Plane.—In Fig. 5 is shown 
the projections of a regular hexagonal pyramid whose base is 
tilted at an angle of 30° with the horizontal plane and whose 
axis cd is parallel to the vertical plane. 

The plan, which is a regular hexagon, is constructed about 
a center O located 42 inches above the lower border line and 
8 inches from the right border line in the same manner that the 
plan of Fig. 4 was constructed. The size of the hexagon and 
its position is the same as in Fig. 4. Through the point O 
draw the center line cd at an angle of 60° and another center 
line A D at right angles to it. Connect the points A, B, C, 
D, E, and F, which are the corners of the base, with the cen- 
ter O by lines A O, BO, etc., thus defining the edges of the 
intersecting side planes, which are foreshortened when the 
pyramid is viewed in the direction of the arrow. 

To draw the front elevation, locate the point D’ on the guide 
line at its intersection with a line projected from point D of 
the plan and drawn parallel with the center line cd. From this 
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point D’ draw the base line of the pyramid at an angle of 30°, 
as shown, and project corners A, Ff, and & from the plan to 
this base line of the pyramid by lines parallel to the center 
line cd. Measure off on the center line cd a distance of 
3 inches from the base line A’ D’, thus locating the point O’ 
for the apex of the pyramid. Now, to complete the front 
elevation, draw lines from the points A’, F’, £’, D’ to the 
point O', 

To construct the side elevation, first locate the vertical cen- 
ter line c’ d’ 64 inches from the right border line, then from the 
front elevation draw horizontal lines of indefinite length from 
the points O’, A’, F’, E’, and D’ passing through the center 
line c’d’. The hexagonal base can be laid off with the dividers 
from the plan, or the sides may be projected from an auxiliary 
plan placed in the required position on the center line c’ d’. 
The lines F’ E” and B’ C” representing the parallel sides 
may now be projected from the plan and the intersecting 
points £”’, D’, C” and F”, A”, B” connected by lines, which 
complete the foreshortened base of the hexagonal pyramid. 
The elevation is finished by drawing lines from the corners of 
this base to the apex O’’.. The dotted lines of the base represent 
the edges that are not seen. 


44, Cylinder Inclined to the Horizontal Plane but 
Parallel With the Front Vertical Plane.—In Fig. 6 is 
shown the front and side elevations of a cylinder which is 
inclined to the horizontal plane at an angle of 30° and is par- 
allel to the vertical plane. The cylinder is 14 inches in diameter 
and 2% inches long. Begin the construction by locating a 
point z at a distance of 3} inches above the lower border line 
and 33 inches from the right border line. With the bow- 
pencil set to a radius of $ inch, describe a circle from the center z 
for the plan view. Through the point 7 draw a center line a b 
at an angle of 60° and through the same point draw another 
center line cd at right angles to it, or 30° with the horizontal. 
From the plan view project two lines from the ends of the diam- 
eter on cd, parallel to the center line ab, making the line ef 
2; inches long; equal to the height of the cylinder, and draw a 
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line for its base from the point e at an angle of 30°, completing 
the elevation. The center of the plan of the cylinder has been 
located to coincide with the top edge of the cylinder in the front 
elevation for convenience in projecting points to the side 
elevation. 

To draw the side elevation, divide half the circumference 
of the circle, from g to f, into eight equal parts at 2, 3, 4, etc. 
From these division points on the circle draw projectors parallel 
to the center line a b to intersect the line cd, or the top edge 
Orta cylinder, im points 2’, 2", 4’, etc. Now draw the ver- 
_ tical center line h k, for the side elevation, 13 inches from. the 
right border line. On this center line describe another circle, 
from some point 7, to serve as an auxiliary plan from which 
to. project the diameter of the cylinder. Divide the auxiliary 
plan into sixteen equal parts in points 1”, 2’, 8”, 4’’, ete. 
Now, from the division points 1’, 2’, 3’, etc. of the front ele- 
vation draw horizontal projectors to the right to meet ver- 
tical projectors 1’, 2’, 3’, etc. drawn from the auxiliary plan, 
and where the vertical and horizontal projectors of similar 
number intersect, locate points through which a curved line 
is drawr to form an ellipse. In order to avoid confusion, only 
a few points on the ellipse are numbered. For example, 4’”" is 
located in the side elevation where a horizontal projector is 
drawn from the point 4’ of the front elevation, intersecting a 
vertical projector drawn from point 4’’ of the plan view. 

Extreme accuracy is necessary in dividing the circles into 
similar equal parts. The projectors must be drawn exactly 
from these points of division, otherwise an imperfect ellipse 
will be formed. The pencil point should be round and sharp 
for drawing through the points and around an irregular curve. 
The foreshortened elliptical base is projected similarly to the top. 
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DRAWING PLATE, TITLE: CONIC SECTIONS 


45. Explanation of Conic Sections.—Curves of dif- 
ferent shapes are formed by the intersection of a plane with a 
circular cone or a cylinder. The intersecting plane, sometimes 
called a cutting plane, is imagined to be a flat surface of 
indefinite extent and without thickness. The surfaces result- 
ing from the intersection of a cutting plane with a cone or a 
cylinder will have different outlines, according to the inclina- 
tion, or slope, of the cutting plane. 
The curves produced by a plane 
cutting a cone or a cylinder are 
known as conic sections, which, 
as shown later, may be circles, 
ellipses, parabolas, or hyperbolas. 

A right cone is one having a 
circular base and its vertex lying on 
a vertical line, called the axis, per- 
pendicular to the center of the base. 
A cone with a circular base and 
having its vertex not perpendicular to the center of the base 
is called an oblique circular cone. 

If a right cone is cut by a plane parallel to its base, that is, 
by a plane perpendicular to the axis, the section is a circle. If 
the cutting plane is not perpendicular to the axis and cuts off 
the entire top of the cone, then the section made is an ellipse. 

Fig. 50 shows how an ellipse is formed in this manner. 


46. Conic Section Forming an Ellipse.—In Fig. 1 are 
shown the projections of a conic section forming an ellipse. 
In this case the cutting plane a b is inclined at an angle of 52° 
with the base of a right cone 32 inches high and 3 inches in 
diameter at the base. To construct Fig. 1, draw the center 
line mn 2% inches from the left border line; and at right 
angles to 1t draw the center line pq at a distance of 2% inches 
from the upper border line. Draw a horizontal line of indefinite 
length for the base of the cone in the elevation. From the 
point O, with a radius of 14 inches, describe a circle for the 
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plan view and from the points A and B on the circumference 
of this circle draw projectors parallel to the center line mn to 
intersect the base line of the cone in the elevation in points A’ 
and B’. Lay off the vertical height of the cone in the elevation 
from dimensions given and draw the slanting sides of the 
cone A’ O’ and B’ O'. The cutting plane is represented in the 
front elevation by a line a b drawn at an angle of 52° to the base, 
by using a protractor as shown in Fig. 51. Divide the cir- 
cumference of the circle that represents the plan view into any 
number of equal parts, in this case 24, and from the points of 
division A, EF, H, etc., draw radial construction lines A O, 
EO, H O, etc. to the center O. Draw also from these points, 


vertical projection lines, as A A’, E EF’, H H’, etc., cutting 
the base of the front elevation in the points E’, H’; etc. From 
these latter points draw lines to the anex O’ of the cone, as E’ O’, 
H’ O’, etc., cutting the line a b in the points D’, F’, etc. From 
the points D’, F’, etc. in the elevation draw to the plan the 
vertical projecting lines 0’ C, 2’ DD", FF Rr" LL, ete, 
intersecting the radial construction lines OA, OF, OF, OB, 
etc. in the points C, D, F, L, F”, etc. Through these points 
of intersection draw the ellipse by the aid of an irregular curve. 
It should be observed that points D, D’” in the plan corre- 
spond with the point D’ in the elevation, and points F, FP” 
with the point F’. 
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It wili be noticed that in the drawings on this plate the 
objects are represented as having been cut through by the 
plane and a portion removed; only the outlines of the part 
remaining are shown with full lines, all other outlines being 
dotted. 


A7. Section Forming a Parabola.—Fig. 52 shows a cone 
through which a plane has been passed cutting it at an angle 
parallel to its slanting side ab, or, in other words, parallel to 
one of its elements and intersecting the base. The curve formed 
by this intersection is a parabola. 

In Fig. 2 the pian and front elevation of the cone are located 
on the center line mn 2% inches from the right border line, 
and the curve of intersection in the plan is found by the same 
method as that used in the preceding 
problem. To find the side elevation of 
the intersection, proceed as follows: 

Draw the side elevation A” B’ O”, 
which is similar in form to the front ele- 
vation, with the center line tv asits axis 
5% inches from the right border line. 
Draw horizontal projection lines from 
D', F’, ete. of the front elevation to in- 
tersect the center line tv of the side ele- 
vation in K’ I’, etc. With the dividers, 
transfer the distance J D, I D”’, etc., from the plan to the side 
elevation as I’ D’” and I’ D®, also transfer K F and K F” from 
the plan to the side elevation as kK’ F’” and K’ F®, thus locating 
points D’” and D” and F’” and F”. In the same way other 
distances may be transferred and other points located, and a 
curve may be traced through them. The result will be the side 
elevation of the cone when cut by a plane parallel to one of its 
elements. A side elevation of Fig. 1 may be drawn similarly. 


48. Conie Section Forming a Hyperbola.—Fig. 53 
shows a perspective view of a cone with the cutting plane par- 
allel to its axis. When the cutting plane intersects the base 
of a cone and is not parallel to any element, the curve of inter 
section is called a hyperbola. 
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In Fig. 3 the cone has the same dimensions as in the two 
preceding problems, and the plan and the front elevation are 
constructed as before. The projection of 
the curve in the plan in this particular case, 
where the cutting plane is parallel to the 
axis of the cone, is a straight line ab in the 
plan and in the front elevation. The side 
elevation is found, as in the last problem, by 
drawing horizontal projection lines from 
I’, D’ of the elevation to intersect the center 
line ¢v of the side elevation. With the 
dividers, transfer from the plan the distances 
ID and ID” to the side elevation as I’ D’” 
Bnd we aso transiery @ andd P tok PF” 
and K’ F® of the side elevation, thus locating 
points D’”’, D”, F’”, F*. In the same way, 
other distances may be transferred and other points located 
through which a curve may be drawn to obtain the required 
hyperbola. 


Fic. 53 


49. Oblique Section of a Cylinder.—A plane cutting 
a cylinder at an angle to the axis will produce an ellipse, as 
shown in Fig. 54. In Fig. 4 is shown the method of deter- 
mining the ellipse in the side elevation in this case. The cylin- 
der is 2 inches in diameter and 
32 inches long and cut by a plane ab 
making an angle of 57° with the 
base. Begin by drawing a center 
line mn at 4% inches from the 
right border line; and at right angles 
to it draw the center line pq 
52 inches from lower border line. 
From the point O with a radius of 
1 inch, or one-half the diameter of 
the cylinder, describe a circle for 
the plan view. Construct the front 
and the side elevation as already explained, the horizontal pro- 
jection or plan being a circle having the same diameter as the 
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base. Construct the front elevation from the dimensions given 
and draw the line ab at an angle of 57° to represent the cutting 
plane. 

Draw the side elevation of the cylinder, which is similar in | 
form to the front elevation. To construct the side elevation 
of the curve, divide the circumference of 
the circle representing the plan of the cyl- 
inder into any number of equal parts, in 
this case 24, and through the points of 
division, as A, B, C, etc., draw vertical 
projection lines as shown. These will 
cut. a6 in the points A’,.B’,C’,D!, ete., 
and horizontal lines are projected from 
these points to intersect the center line tv 

Cee in the side elevation. This center line is 
located 12 inches from the right border 
line. Then with the dividers transfer from the plan the dis- 
tances 105 LB eR Cok CE a DO ete: te the cide: cleva= 
tion and from the points L’, K’, f’ on the center line tv locate 
the pomis 6° ds 107" Ce, Manic ae 
of the required ellipse. Other points may 
be transferred and located in like manner, 
and a smooth curve drawn through the 
points thus located will be the required side 
elevation. 


PTR 


OU" 


50. Sections Which Form Circles. 
When a right cone is cut by a plane par- 
allel to the base of the cone, the resulting _4~ 
section is a circle, as shown in Fig. 55. ~~. 
Its diameter depends on the distance of 
the cutting plane from the vertex a of the Bren6 
cone. If a cone is cut by a plane through its vertical axis, 
the resulting section will be an isosceles triangle, as shown in 
Fig. 56, its outline being the same shape as the front elevation. 
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CONVERTING DECIMALS INTO COMMON FRACTIONS 

51. On the next plate some dimensions are given in decimal 
fractions instead of common fractions. Such decimal dimen- 
sions are best laid off with a decimal scale, which is a scale 
with inches divided into tenths, hundredths, etc. Such a scale 
is not essential for this work, however, and the nearest value 
of the decimal fraction may be taken in thirty-seconds of an 
inch. } 

To change a decimal fraction to a common fraction having a 
desired denominator, multiply the decimal by the desired 
denominator of the common fraction, and express the result 
as a whole number, which whole number will be the numerator 
of the fraction. 

Thus, to express .765 inch in fourths, we have .765x4=3.06; 
placing this product over 4 as a denominator, the result is 
3.06 ae 
—— or, say, $ inch. 

4 

To express .765 in thirty-seconds, .765X32= 24.48; with 
32 as denominator the result is — or, say, 24 inch. 


If, after multiplying, the decimal part of the product: equals 
.5 or over, drop it and add 1 to the whole number. Thus, in 
changing a decimal fraction of .66 inch to a common fraction 


: ; eee 10.56 
having 16 as a denominator, the result is eS ay 2 5 in 


a 


say, +4 inch. 

The circumference of a circle is equal to the diameter mul- 
tiplied by 3.1416. Thus, the circumference of a circle with 
a diameter of 12 inches is 3.1416X13=4.32 inches, or, say, 
455; inches. 

The circumference of a circle whose diameter is 1} inches is 
3.141615 =4.71=423 inches. 

The circumference of a circle whose diameter is 1} inches is 
3.1416 x 14 inches =3.93, or, say, 37% inches. 

52. Decimal Equivalents.—Decimal equivalents for the 
fractions most commonly used by mechanics are given in the 
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following table. Since the results obtained in calculations are 
usually decimal quantities, it is desirable that a convenient 
means should be afforded for their conversion into ordinary 
fractions. By the aid of this table any decimal may be readily 
resolved into its corresponding fraction or into a fraction that 
approaches its real value nearly enough for all practical purposes 


( 3 =f O5 [oz = .015625 
al € = Tours 
| 1 25 Ga = 046875 
3 = 375 ez = 078125 
Sths } 3=.5 $a = 109375 
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3 td v7 
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T6 = -0625 17 P= pOr 
: ae 64 =-265625 
76 =-1875 19 JORRTX 
a 3195 $4 = -296875 
. mt 2 990190 
oe ee or = 328125 
6) 4375 23 Se 
16ths;, — ¢.. 64 = 399375 
TE = -0625 25 nye 
“al oe 64 = -090625 
16 = -6875 oi a 
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[32 = 03125 64 = -015625 
3 ay LOM Er 
3x = .09375 $a = 546875 
is RROK tay) x 
ey = 1562 or = BISl25 
if ¢ ola a 
ag = 21875 2% = 609375 
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39 = -03125 64 = - (65625 
19 _ FQQ76 51 Bamome 
133 59375 G4 =-(96875 
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lag = .78125 64 = 890625 
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DRAWING PLATE, TITLE: INTERSECTIONS AND 
DEVELOPMENTS 


53. The drawing plate Intersections and Developments now 
to be taken up deals with the intersections of the surfaces of 
solids and the method of obtaining the miter line, as it is com- 
monly called. By the methods explained in connection with 
this plate the patterns of the intersected surfaces may be 
developed. One of the important requirements in the con- 
struction of these figures is to locate with accuracy the points 
lying in the line of intersection. 


54. Intersection of Two Unequal Cylinders at Right 
Angles.—Fig. 57 shows a perspective view of two cylinders 
of different diameters intersecting at right angles to each other. 
Fig. 1 shows a plan and a front and 
a side elevation of the object. 

To draw the views shown in Fig. 1, 
first locate the axis, or center line mn, 
of the larger cylinder 14 inches from 
the left border line. Next draw the 
horizontal center line pq of the small 
cylinder 14 inches from the upper 
border line. 

On these center lines, with the di- 
mensions given in the figure, draw a 
front elevation consisting of the outline 1 APNLMEF. The 
curve ABCDGQE, of course, cannot be drawn yet, as the 
points through which the curve is to be drawn are still to be 
determined. 

Below the front elevation, draw the plan located on a center 
line rs 4% inches from the upper border line. To the right 
of the front elevation draw the side elevation as shown, locat- 
ing it on a vertical center line tu 4§ inches from the left 
border line. At the intersection of pq and tv, describe a circle 
representing the smaller cylinder, and complete the side ele- 
vation. Divide the circle in the side elevation into 12 equal 
parts and from points of division 1, 2, 3, 4, etc. project horizontal 
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lines to the front elevation. The points of division 1, 2, 3, 4, 
etc. of the circle in the side clevation are to be transferred to 
the plan view, in the following manner: 

Through the point of intersection of the center linestv andr s 
draw a line x y at an angle of 45°. Then draw horizontal and 
vertical construction lines O J and O K so that they will inter- 
sect on the line x y at a convenient point, as O. 

The points of division on the circle in the side elevation may 
now be projected to the line O J and then each point is to be 
revolved to the vertical line OK, O being used as a center. 
From the points on the line O K, extend projectors to intersect 
the large cylinder in points A’, B’,C’, and D’ in the plan view. 
From these points in the plan view, draw vertical projectors. 
that will intersect the projectors 1, 2, 3, 4, etc. drawn from the 
side elevation, in points A, B, C, D, etc., through which a curve 
may be drawn to represent the required intersection of the two 
cylindrical surfaces; this completes the front elevation. There 
is, of course; a similar curve from E to A on that part of the 
object hidden from view. 


55. If the part 1 A DEF were assumed to be of thin 
sheet metal, and if it were cut along the line 7 A and laid out 
on a flat surface, it would have the form shown in Fig. 2, and 
this figure would be termed the development of the cylindrical 
part l AND i. 

To determine the form and size of this development, draw 
a horizontal line 6% inches from the upper border line, and on 
this line lay off a distance J-1’, Fig. 2, equal in length to 
4.32 inches, which is the circumference of the circle shown in 
the side elevation of Fig. 1 and this circle is the projection of 
the cylindrical part in question. 

Divide the distance 1-1’, Fig. 2, into as many equal parts 
as were used in dividing the circle, in this case twelve, and at 
these points of division erect perpendiculars to the horizontal 
line 1-1’. Then with the dividers measure off the distances 
1 4, 7E, and 1’ A’ each equal to 1 A in the front elevation; 
2B,6Q,8Q' and 12 B’ equal to 2 B in the elevation; 3 C, 
5G, 9G’, 11C’ equal to 3C; and 4D and 10D’ equal to 4D 
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of the elevation. A smooth curve drawn through the points 
A, B, C, ete. thus found will complete the development. 

The form of this development is such that if it were cut out 
along its bounding line and bent into cylindrical form and joined 
along the edges 7 A and 1’ A’, its irregular edge would fit snugly 
to the large cylinder as indicated in the front elevation in 
Pigs 1. 


56. Intersection of Two Equal Cylinders at Right 
Angles.—In Fig. 58 is shown an elbow that consists of two 
cylinders intersecting each other at right angles. By referring 
to Fig. 3 it is seen that the lines of intersection between cylin- 
ders equal in diameter and intersecting each other in the same 
plane, so that their axes also intersect, are always represented 
by straight lines in a view that shows 
the axes in their true length. Thus, 
in Fig. 3, the projection of the line of 
intersection is the straight line A G. 

To obtain the development of the 
cylindrical part A G H K, proceed as 
follows: 

Begin by drawing the front ele- 
vation from the dimensions given, 
locating the horizontal axis 14% inches 
from the upper border line and the 
vertical axis 735; inches from the left border line. On these 
axes, draw two cylinders 12 inches in diameter, and through 
the intersection of their axes, as at D, draw a line at an angle 
of 45°. From the point G measure off distances GH and G M 
equal to $ inch, which determines the length of each cylinder. 
This completes the elevation. 

On the vertical center line below the elevation draw a dotted 
circle to represent the plan. Divide the circle into a number 
of equal parts, in this case twelve, and from the points of divi- 
sion draw vertical projection lines to meet A G at B, C, etc. 
Extend the line H K indefinitely to the right to form the base 
line of the development. Fig. 4. and on the extended part set 
vit a distance J-/’ equal to 4.32 inches, the circumference or 
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the dotted circle. Divide this distance into twelve equal parts, 
also, and erect perpendiculars to the line 1-1’ from the points of 
division. From A,B,C, etc., Fig. 3, draw horizontal projection 
lines intersecting the perpendiculars in Fig. 4in A’, B’, B’,C’,C”, 
etc., and through the points A’, B’, C’, etc. thus found draw a 
smooth curve. The resulting figure is the required development. 
Since the part AG M Lisexactly like AG H K, its development 
is the same as in Fig. 4. Hence, if two flat thin plates were 
cut to the same shape and size as this development and each 
were rolled into true cylindrical form with the edges 1G’ and 
1’ G"” coinciding, they could be put together as shown in the 
front elevation and the slanting edges would fit accurately at 
all points. 

57. Intersection of Two Unequal Cylinders at an 
Angle of 65°.—Fig. 59 is an illustration of two cylinders of 
unequal diameters joining each other 
at an angle of 65° instead of 90° as 
in Fig. 1. It is desired to determine 
the curve of intersection of the two 
cylinders in the front elevation. The 
method of doing this is shown in 
Fig. 5. 

Begin by locating a vertical center 
line mn 13 inches from the left border 
line, and draw a front elevation of 

eas the cylinder L MPN 1- inches di- 
ameter and 2§ inches long, locating the base line 33 inches from 
the lower border line. Below the elevation draw a horizontal 
center line 7 s, 23 inches from the lower border line, to inter- 
sect the center line mn, at which intersection describe a circle 
1,°s inches in diameter. Draw two horizontal lines of indefinite 
length § inch each side of the center line rs, intersecting the 
circle in D’ and D” in the plan. Project a vertical line from 
D’ D" to intersect the elevation in S’ S, and on this line locate 
point D 15%; inches from the line LM. By use of a protractor, 
a center line pq for the inclined cylinder may now be drawn 
from point D at an angle of 65° with the axis mn. On the 


13 GEOMETRICAL DRAWING 109 


we) 


line pq, measure off +34 inch from the point 2 and draw line F 1. 
Two lines drawn from #& and A parallel to pq complete the 
elevation, except the curve of intersection, which is projected 
fram the plan view and the dotted circle in the same manner 
as described for Fig. 1. The only difference lies in locating 
the point O from which the projectors are revolved from the 
dotted circle to the plan view. 

To locate the construction lines OJ and OK, proceed as 
follows: At right angles to pq draw a center line ¢ u to inter- 
sect the horizontal center line ys, thus locating a point V. 
With the point V as a center, describe two short ares cutting the 
center lines 7 s and? uw, and tangent to these arcs draw construc- 
tion lines OI and OK parallel to pq and mun, respectively, 
to intersect in point O. The points of division from the dotted 
circle may now be projected to the line O J, and with O as a 
center the projection lines can be revolved to intersect the 
line O K and then be extended to the plan view. The ellipse 
in the plan view is the projection of the inclined end of the 
smal! cylinder in the front. elevation, and its outline is deter- 
mined by the method used in connection with Fig. 6 of the 
plate Projections—II. 


58. The development of the pattern for the smaller cylin- 
der of Fig. 5 is shown in Fig. 6. To draw it, measure off on a 
horizontal line the distance 7-7’ equal to 3.93 inches, equal 
to the circumference of the dotted circle in Fig. 5. Divide 7-7’ 
into twelve equal parts as was the circle, and erect perpen- 
diculars. It is assumed that the cylinder is cut along the 
line E F in the elevation in Fig. 5 and therefore in the develop- 
ment of this part it will be the smallest vertical distance to 
be measured off. 

Begin at the middle point 1 A by making the vertical dis- 
tance 1 A in the development equal to 7 A of the elevation. 
Measure off the vertical distances 2 B, 12 B’, 8 C, 11 C’, etc., 
equal, respectively, to the distances 2 B, 3 C, etc. of Fig. 5. 
Continue this until the two ends are reached in 7 E and 7” E’. 
Trace a smooth curve through the points thus found, and the 
resulting figure is the required development. The development 
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of the larger cylinder will have a hole of a certain shape due to 
the small cylinder intersecting it at an angle. 


59. Fig. 7 represents the development of the large cylinder 
shown in Fig. 5 and is obtained as follows: Extend the lines 
L M and N P of the elevation indefinitely to the right to indi- 
cate the height of the large cylinder in the development. At 
a distance of 53 inches from the left border line draw a vertical 
line intersecting the two extended lines in points X’ and Y’. 
From Y’ measure to the right a distance equal to 2.45 inches, 
locating Y’’, and at this point erect a perpendicular to intersect 
the horizontal line in X’’.. The horizontal distance Y’ Y” of 
Fig. 7 must be taken from the plan, Fig. 5, and is the distance 
Y'A'Y"”, which is seen to be one-half the circumference of 
the circle. Therefore, the rectangle X’ X” Y" Y’ is equal to 
one-half the surface of the cylinder of which the circle is the 
plan. 

Next, at the middle point P’ of the line Y’ Y”, erect a per- 
pendicular P’ M. From the circle in the plan, with the divid- 
ers, measure off the chord distance A’ B’ and transfer this 
distance along the line Y’ Y”’, beginning at P’, and locate the 
point N’. The distances B’C’ and C’D’ of the plan are trans- 
ferred successively in the same manner, locating points R’ and S’ 
on the line Y’Y’’. Erect perpendiculars at these points to-inter- 
sect the line X’X’’ in points N, R, and S. Next, by the use of 
the T square, from the points A, B, C, D, etc., of the eleva- 
tion in Fig. 5, project construction lines to intersect the per- 
pendiculars P’ M, N'N, etc., thus locating points Ai, Bi, Gi, 
etc. If it is desired, these points may be transferred from the 
elevation with dividers; for example, the distance P A in the 
elevation will equal P’ A; in the development, and N’ B, R’ C, 
and S’ D, etc. in the elevation will equal N’ By, R’ Ci, S’ Dy, 
etc. in Fig. 7. The points Ai, Bi, Ci, etc. having thus been 
located, similar points to the right of the center line P’ M are 
located by the intersection of the same projected horizontal 
lines and verticals located from the elevation in a manner 
similar to that employed for locating N’ N, R’ R, etc. A 
smooth curve may be drawn through the points thus found 
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and the resulting outline will be the development of the line 
of intersection of the large cylinder. 

lf the pattern were cut of the same size and shape as shown 
in Fig. 7 and rolled to a semicylindrical form, the edges of the 
opening would coincide with the edges of a cylinder whose 
development is shown in Fig. 6. 

60. Development of Middle Section of Three-Piece 
Elbow.—Fig. 60 shows a perspective view of an elbow com- 
posed of three cylinders of the same diameter and connected 
so that the two end sections are at right angles to each other. 

The diameter of each of the cylinders is 14 inches. To con- 
struct the elevation shown in Fig. 8, draw a horizontal center 
line mn 4,%- inches from the upper 
border line, and at right angles to it 
draw a center line pq 5 inches from 
the right border line. 

Where these two center lines inter- 
sect in 7 draw a center line uv at 
an angle of 45°. At a distance of 
14 inches to the left of the center line 
pq draw a vertical line Rx of indefi- 
nite length intersecting the line wv in 
the point O. 

From the point O, draw a horizontal 
line O K of indefinite length, and with 
O as a center and the pencil compasses set to a radius of 

3 inches, describe an arc from J to /. 

To determine the joint, or miter, lines AG and MH, bisect 
the arcs [1 4 and 4/ by setting the compasses to any con- 
venient radius and describing short arcs from centers 4 and J, 
also from 4 and /, and through the intersections of the arcs 
draw lines OA and OM. Now, on the center line mn, draw 
a circle with a radius of $ inch to represent an end view. From 
the ends of its diameter project two horizontal lines KR A and 
S G in the elevation. The point D is located where the center 
line mn intersects the line O A, and from this point a center 
line for the middle section may be drawn at an angle of 45° 
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intersecting the line O M in D’, and two lines A M and GH 
representing the outside of the cylinder are drawn parallel to 
it. The vertical cylinder section may now be drawn by locating 
the horizontal line P N 22 inches below the center line mn. 
The two vertical lines H P and M N are now drawn, completing 
the elevation. 


G1. In Fig. 9 is shown the development of the middle 
section AGH M of Fig. 8. First divide the dotted circle, 
Fig. 8, into twelve equal parts and project the points of divi- 
sion to the elevation to intersect the joint line A G, thus fixing 
the points A, B, C, D, E, etc., and from these points draw lines 
_across the section A GH M parallel to the center line D D’, 
or, in other words, at right angles to the center line wv. Where 
the points of division cross the center line wv locate points 
1, 2,3, 4, etc. 

Then, in Fig. 9, draw a horizontal line 4% inches from the 
lower border line and on this line measure off a distance 1-1’ 
equal in length to the circumference of the dotted circle in Fig. 8, 
which is 4.71 inches. Divide this length into twelve equal parts 
corresponding to the twelve equal parts into which the dotted 
circle in Fig. 8 is divided and draw vertical lines through 
the points of division. Assume that the joint of the middle 
section is at GH in Fig.8. Then in Fig. 9 make 1G’ and 1’G” 
equal to 1G, Fig. 8; and 2 F’ and 12 F” equal to 2F; 3E’ and 
11k” equal'to 3E; 4D’ and 10D” equal to 4D: SC’ and OC 
equal to 5C; 6B’ and 8B” equal to 6B; and 7 A’ equal to7 A. 

A curve through the points G’, F’, E’, D’, etc. gives the out- 
line of the upper half of the development. The other half of 
the curve below the line 1-1’ is of exactly the same shape, and 
is obtained by transferring the points with the dividers. 


62. Curve of Intersection of Flattened Rod.—In 
Fig. 61 is illustrated a cylindrical rod that is enlarged at the 
one end, and the sides have been flattened, thus making two 
parallel faces intersecting a curved surface, and producing a 
curved line. It is desired to find the exact form of the curve. 
Fig. 10 shows how this may be done. 
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The object is a cylindrical rod 14 inches in diameter and the 
extreme end has been enlarged to a diameter of 22 inches. 
The two parallel faces, as shown in the plan, are 15 inches apart. 
It is desired to find the exact form of the curve A 3 B repre- 
senting the intersection of one of the flat surfaces with the curved 
surface, as shown in the elevation. 

First draw a vertical center line m n 233; inches from the right 
border line, and at right angles to it draw a horizontal center 
line EF, 13 inches from the upper border line, intersecting 
at O, from which point describe a circle with a 3-inch radius 
to represent a top view of the rod, which is section-lined to 
indicate that it is broken. Another circle is described from the 
center O with a radius of 17% inches for the large diameter. 
The two flat faces are represented by two 
horizontal lines C D and A’ B’ drawn at 
a distance of +3 inch above and below 
the center line / F, thus completing the 
plan. 

Begin the elevation by drawing a base 
line 72 inches from the upper border line. 
From the points # and F of the plan, 
draw vertical lines to intersect the base 
line of the elevation in points E’ PF’. 
Also project A’ B’ from the plan to inter- 
sect the base line in points Gand H. Measure off a vertical dis- 
tance of 1 inch from the base line E’ F’ and draw an indefinite 
horizontal line. Vertical lines drawn from the base line from 
points &’, G, H, and F’ will intersect this horizontal line in 
points £”, A, B, and F”. From the circle in the plan, pro- 
ject two lines for the diameter of the 1}-inch rod in the eleva- 
tion, and connect it to the enlarged end at the base by arcs / E” 
and JF”. The arc J F” is drawn tangent to the rod with a 
radius of 14 inches; the center from which the arc is described 
is located as follows: Extend the line representing the diam- 
eter of the rod to intersect the horizontal line E’’ F’’ in the 
point K. With compasses set to a radius of 1§ inches describe 
a short arc from the point K, cutting the vertical line in /. 
With the compasses kept to the same radius, describe short arcs 
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with J and F” as centers and intersecting in A’, from which point 
the arc IF” can be described tangent to the rod and touching 
the point Ff”. The are JE” may be drawn in a similar manner. 

This completes the elevation, except the curve A 3 B, which 
is yet to be determined. 


63. Now, with O as a center and radii of suitable lengths, 
describe arcs cutting the line A’ B’ in several points, as 1’, 2’, 3’, 
etc., and continue these arcs until they intersect the horizontal 
line & F, thus giving the points 4, 4, 6, etc. Project the points 
4, 5, 6, etc. downwards to intersect the arc / E’”’ in the eleva- 
tion, thus fixing the points 4’, 5’, 6, etc. From the latter points 
draw horizontal lines, as shown, and from the points 1’, 2’, 3’, 
etc., on the line A’ B’ in the plan, draw vertical lines down- 
wards to intersect the horizontal lines in points 1, 2, 3, etc. 
Other points between 3 and A may be found in the same way. 
Then a smooth curve drawn through A, /, 2, and 3 will be one- 
half of the required curve. The other half is exactly like the 
one just drawn, and may be obtained in a similar manner. 


64. Development of Surface of Section of Cone. 
Fig. 11 shows a cone 3 inches high, 2 inches in diameter at the 
base, and cut by a plane. Fig. 12 shows the development. 

The elevation and the projection of the base of the cone are 
drawn as shown in Fig. 11. First locate a horizontal center 
line 12 inches from the lower border line, and on it, at a distance 
of 8 inches from the left-hand border line, draw a vertical line 
for the base of the cone, which is 2 inches in diameter. From 
this base line, measure to the left on the center line a distance of 
3 inches, the height of the cone, thus locating the point O, 
from which draw the inclined sides of the cone to intersect the 
base. The cone is cut off at an angle of 50° with the base line. 
The projection of the base is now drawn in order to determine 
the position of the elements on the conical surface. 

The plan is represented by the dotted circle and is divided 
into a convenient number of equal parts, in this case twelve. 
These points of division, 1, 2, 3, etc., are projected to the base 
line of the elevation in points 1’, 2’, 3’, 4’, etc., and projection 
lines are drawn from points 1’, 2’, 3’, etc. to the point O in the 
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elevation to represent the elements on the surface of the cone. 
These elements intersect the cutting plane in points A,B,C, 
etc. Now begin the development in Fig. 12 by locating point O’ 

# inches from the right border line and 313 inches from the 
lower border line. With the pencil compasses set to a radius 
equal to the slant height of the cone, as O 1’ or O 7’, in Fig. 11, 
describe an are 1-1’. Make the length of this arc equal to the 
length of the circumference of the circular base of the cone. This 


oO 


may be conveniently found as follows: The length of the arc 
will be 23.1416 =6.28 inches, nearly. To lay off an arc of this 
length, the following method may be used: 


65. On a separate piece of paper, in the manner shown in 
Fig. 62, draw a horizontal line A B, 6.28 inches long, equal to 
the circumference of the base of the cone shown in Fig. 11, and 
erect a perpendicular AO. Divide the line A B into four equal 
parts, each of the divisions to measure 6.28+-4=1.57 inches. 
Also divide one of these parts, as A C, into, say, four equal parts. 

With the pencil compasses set to a radius of O 1’, repre- 
senting the slant height of the cone in the elevation in Fig. 11, 
describe a short arc from the point A, cutting the vertical 
line AO in D. With the compasses set to the same radius 
and with D as a center, describe an arc tangent to the hori- 
zontal line A B. Then, with E as acenter and EC asa radius, 
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describe an are cutting the are A F in G; then the are AG 
is equal in length to the line A C, and A C is one-fourth the 
length of the required are. (Note that, for convenience in this 
case, Fig. 62 has been reduced to a different scale than that of 
Fig. 12, which is the reason that measurements in the two do 
not correspond.) 


66. Next, with the dividers set to the chord of the arc A G 
found in the manner just described, begin at point 7 and space 
off on the are in Fig. 12 this chord distance four times, marking 
the points of division between the spaces, as 4, 7, 10, and deter- 
mining the point 1’; then the arc /—1’ will measure 6.28 inches. 
Each of the four divisions should now be subdivided into three 
equal parts so that the entire arc is divided into twelve equal 
parts, as 1, 2, 3, 4, etc. Join the points of division 7, 2, 8, etc. 
with the center O’ by the lines O’ 1, O’ 2, O’ 8, etc., as shown. 
On the radial lines O’1, O’ 2, O’3, etc., of Fig. 12, the points that 
wil) determine the exact shape of the curve will now be located. 

In Fig. 11, A, B, C, D, etc. are points of intersection between 
the radial elements O 1’, O 2’, O 8’, etc. of the cone and the 
cutting plane, as shown. Only the two outside elements O 1’ 
and O7’ can be measured directly from this view. The other 
elements are inclined from the observer, and so do not appear 
in their true lengths. The line O D, for example, if measured 
on the surface of the actual cone, would evidently be of the 
same length as the line O D’; but in the elevation it is much 
shorter. Therefore, all points, as B, C, D, etc., must be pro- 
jected parallel to the base line of the elevation of the cone to 
intersect the inclined outside element O 7’ in points By,Cy, Dj, ete. 

Now continue drawing Fig. 12 by setting off distances 
O' A, O'B, O'C, etc., equal to the distances OA, OB, OC, etc: 
taken from Fig. 11, and through these points draw a curve, 
which will be the desired development of the intersection. 

A plate cut of the same size and shape as shown by A-G-A’— 
1'-7-1 can be bent into the conical surface shown in the ele- 
vation A—G-7’-1’. 

Particular attention must be given to the method explained 
above for transferring certain points from the elevation to the 
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development in Fig. 12. As previously stated, it would be 
wrong to take measurements from lines OF, O E, OD, etc., 
as these lines are not represented in their true length until 
projected to the inclined line O 1’, from which the distances 
are transferred to the development in Fig. 12. 

The pattern in Fig. 12 may be laid off, also, by making the 
radial divisions on the are 1-1’ equal to the circum‘erence of 
the cone in Fig. 11 by dividing the distance, which is laid off 
on a straight line, into as many equal parts as desired. The 
greater the number of parts into which the line is divided, the 
nearer these distances approximate a straight line when they 
are transferred to the arc in Fig. 12. 


SHADE LINES 


67. The purpose of shade lines on drawings is to show at a 
glance, without reference to any other view, whether parts 
represented project above the plane of the surface of the object 
or whether they are depressions or holes. The value of shade 
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lines may be seen by comparing the two illustrations shown in 
Fig. 63 (a) and (0). In (a) the object is rendered with an out- 
line of uniform thickness, and it is not evident whether the 
shapes of the parts a, b, and c are raised parts or holes. In (0) 
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is shown a drawing of the same object properly shade-lined, 
which indicates that a is a projecting boss and that b and c 
represent holes. To determine the 
height of the bosses, the thickness 
of the plate A BDC, and the depth 
of the holes, another view would be 
necessary. 


68. Principles Governing 
the Location of Shade Lines.—In 
order that the system of shading may be uniform on all draw- 
ings and thus have the same meaning to all, the light is assumed 
to come in one invariable direction. The light rays are consid- 
ered as being parallel to the plane of the paper, to make an 
angle of 45° with all horizontal and vertical lines of the draw- 
ing, and to come from the upper left-hand corner of the drawing, 
as shown in Fig. 64. 

A view may be placed in any position on the drawing, but 
the source of light is always stationary; hence, the lines to be 
shaded depend on the position of the view. Each view is shade- 
lined independent of any other. The same principle applies 
whether the view is a plan or an elevation. 

If the rays of light are represented by parallel lines drawn 
at an angle of 45° with the , 
vertical and horizontal lines, 
any edge of an object that is 
touched by such hnes is called 
a light surface; an edge that 
cannot be touched by lines 
having this angle is called a 
dark surface and is repre- 
sented by a shade line, which 
is made heavier than the other 
lines. 

Fig. 65 shows a square plate @ 
ABDC, from the surface of ee 
which eight rectangular blocks project. The blocks radiate from 
a center. This example is given to show which edges of the 
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rectangles should be shade-lined when the rectangles are in differ- 
ent positions. The light is at an angle of 45° and parallel to the 
plane of the paper, and therefore all surfaces of the object that 
are parallel to the plane of the paper will be light, such as the 
surfaces H and a,b,c, etc. The light rays, indicated by 
the arrows, strike certain edges of the projecting rectangles 
which represent surfaces that are perpendicular to the planes 
a,b, c,d, e, f, ete.; the edges touched by these light rays therefore 
remain light edge lines, and the remaining edges of the rec- 
tangles are hidden from the hght and are shade-lined. 

To illustrate more clearly the idea, at h the light rays touch 
the edges 7 and k; and edges m and n are . 
shade-lined, because these edges are not 
illuminated. When an object is in the posi- 
tion as at a, the two sides 0 and / are par- 
allel to the light rays and remain as light 
lines, and the only edge shade-lined is q. 
Sometimes for the sake of appearance the 
edge o is shade-lined; for example, an arm 
of a pulley’ may come parallel to the light 
rays and in this case the draftsman would 
use his judgment. 


69. When objects have surfaces that are 
inclined to the plane of the paper, the edge 
lines formed by the intersection of these sur- 
faces are shade-lined according to certain rules. For example, 
in Fig. 66 is shown an elevation and a plan of a hexagonal 
pyramid. 

In the elevation (a) the light rays touch the surfaces a and b, 
consequently the edge line c formed by the intersection of these 
two planes will be a light line, by the application of the rule 
that, Any edge that is formed by the intersection of two light sur- 
faces will be a fine line. At d the edge is shown shade-lined 
according to an application of another rule that, All of the edges 
formed by the intersection of a light and a dark surface are shade- 
lined. The edge line ¢ is also a shade line, as it is an intersection 
of two dark surfaces. 
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In Fig. 66 (b) is shown a plan view of the hexagonal pyramid, 
and this view is shaded without regard to the elevation, it being 
considered as an independent object and shade-lined accord- 
ingly. The surfaces a, f, g are illuminated by the light rays, 
and the intersection of the light sur- 
faces a, f, and g are light edge lines. 
The edges between g and z and a and b 
are the intersections of light and dark 
surfaces and require shade lines. The 
surfaces 2, h, and b are dark surfaces 
and the intersections between them are 
shade-lined. 


A ee 
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< Fic. 67 70. In shading holes or depres- 


sions, a slightly different assumption 
is made in the direction of the light. If the light, in the example 
shown in Fig. 67, passed over the surface of A B DC parallel to 
the plane of the paper, as previously assumed, all of the inside 
surfaces would be dark and the entire outline E PG H I J would 
be shaded. In order to prevent this and to make the work 
appear similar to that which 
has preceded, the rays of light 
are assumed to make an angle of 
45° with the plane of the paper. 
In Fig. 68 is shown an illustra- 
tion of how the light rays are 
assumed to strike the edges of all 
holes and depressions. Hence, (= 
in Fig. 67 the light will strike the ' 
surfaces whose edges are FG,GH, 
and H I as shown by the arrows, 
leaving the surfaces whose edges 
are EF FE. J, and JJ dark as be- 
fore. Therefore, these latter edges will be shaded, and the 
edges / G, GH, and HI will be light. 


71. In Fig. 69 is shown the method by which shade lines 
are added to two concentric circles to convey the idea of a raised 
surface and also of a circular hole. 
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After inking the outer or large circle with the pen compasses, 
draw a pencil line ab through its center at an angle of 45°, 
which is the angle at which the light a 
rays are assumed to illuminate the 
edges. At right angles to this line 
and through the center x of the circle 
draw another pencil line. With the 
compasses set to the same radius, 
shift the instrument to the point y 
and draw a semicircle that will blend 
into the outline at the points c and d. 
The light rays illuminate the edge 
cid, which is one-half of the circle, 
and the remainder isinshade. The inner circle is now inked in, 
and the compasses, kept to the same radius, are shifted to center 
at the point y, and from this point another semicircle is drawn 
which will form a shade line at e fg; the edge eh g will be a fine 
line, as that part of the circle is illuminated by the light rays. 

There are now two crescent-shaped spaces which are to be 
filled in with a lettering pen to bring out the effect of the shade 
line. ‘The shade line of the larger circle is shown filled in. 

The thickness of the shade lines is left to the draftsman’s 

judgment. The compasses can 

be shifted along the line ab to any 
desired distance, but the thick- 
ness of these shade lines should 
+ correspond with those on other 
parts of the drawing. When 
shifting the compasses to a new 
center, care must be taken to do 
this accurately on the line, other- 
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wise the semicircles will not be 
tangent at the desired points. 


72. In Fig. 70 is shown the 
method of shade-lining an object 
having rounded corners connected by straight lines at right 
angles to each other. 
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The ares ab, cd, ef, and gh are inked first, care being taken 
that the arcs do not extend beyond the points of tangency, 
and the straight lines are then drawn to meet them. The 
centers from which these arcs are described are indicated at 
1,7, k, andl. The main purpose of the illustration is to show 
how the center point is shifted to describe the required shade 
lines to conform to the principles of light and shade as already 
given. The arc ab and the straight lines ae and be are light 
edges, but arcs cd and e f are partly shade-lined. 

To add the shade lines on the arcs cd and ef, the compasses 
are set to the radius of the arc, and the centers are shifted 
from 7 and k along the 45° lines x y and x’ y’ to the points m 
and nu, respectively, and arcs are drawn tangent to arcs cd 
and ef, from the points c’ and e’ to d’ and f’. 

The arc gh is shade-lined without changing the center, by 
adjusting the pen to the desired thickness of shade line. The 
shade lines on the straight edges are then added. 

Experienced draftsmen save time by shade-lining at the same 
time the work is being outlined. 

Shade lines are extensively used on mechanical drawings 
in technical publications, as the details can be made clearer 
and fewer views of the subject are necessary. Shade lines are 
required on patent-office drawings. 


MECHANICAL DRAWING 


(PART 1) 
INTRODUCTION 


DRAWINGS AND DRAWING PRACTICE 


1. While every drawing executed by means of the T square, 
triangles, and other drawing instruments, is a mechanical draw- 
ing, this term is usually restricted to drawings representing 
machines, machine parts, and objects used in the mechanic arts. 
A mechanical drawing is the means whereby a machine or 
mechanical device is graphically shown by outlines, sections, 
and projections. 

The object of the mechanical drawing may be to present the 
inventor’s idea for patent purposes, to convey to the prospec- 
tive purchaser the appearance and dimensions of a machine 
or part, or, more commonly, to transmit the designer’s idea to 
the mechanic who constructs and assembles the different parts 
to a complete whole. 

The mechanical drawings serve another important purpose; 
that of giving a definite and visible form to the designer’s idea 
in order to assure him that the different parts will properly fit 
together and perform their intended functions. 


WORKING DRAWINGS 
2. A mechanic constructing a machine or machine part 
from drawings requires not only a true representation of the 
object to be made, but all its dimensions as well. The drawing 
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must also give other instructions, such as the material to be used, 
the method of manufacture, etc. A mechanical drawing of this 
kind is called a working drawing. 

Working drawings are divided into two general classes; 
namely, assembly, or general, drawings and detail drawings. 

Assembly, or general, drawings give the workman the 
relation between, and the places or positions occupied by, the 
component parts of a structure, machine, device, fixture, imple- 
ment, etc. If any dimensions are given they are the principal 
ones, such as distances between the center lines of the main 
parts of a machine or engine, etc. 

Detail drawings show the exact shape and size of each 
individual part and also the material. For this purpose they 
are supplied with all the dimensions required by the workman 
and any explanatory notes that the draftsman may consider 
necessary. 

Detail drawings may be made so complete that they will 
answer for the patternmaker, blacksmith, and machinist, and 
they are usually so made in the smaller shops. In the large 
shops, however, separate drawings are often made for these 
men; the detail drawing for the use of the patternmaker then 
contains only the dimensions and notes needed by him to make 
the pattern; that for the blacksmith contains only the dimen- 
sions needed for making the forging; and, finally, that for the 
machinist contains only the dimensions needed by him. 

Attention is called to the fact that practice varies in regard 
to the dimensions given on detail drawings, at least so far as 
drawings for the patternmaker and blacksmith are concerned. 
In some places, the dimensions given represent the size the object 
is to be when finished; hence, the blacksmith or patternmaker 
must make the necessary finishing allowances himself. In other 
places the finishing allowance is made by the draftsman; the 
dimensions given are then those of the pattern or forging. If 
in doubt about the practice followed in a particular drawing 
office, inquiry should be made as to what system is used. 

In the drawings which follow, the finished dimensions only 
are given, the necessary allowances being made by the pattern- 
maker or blacksmith. 
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3. While the systems used in the drawing offices of the 
leading manufacturing companies for producing drawings vary 
in many important details, good drawings made in one office can 
be read in others, and the parts represented can be made in 
other shops, even when the office and shop practices differ to a 
marked degree. In general, all mechanical drawings are made 
as plain as possible, shading and other aids to the eye being 
omitted except on complicated drawings, when shade lines are 
occasionally used in order to bring out the important features 
of the design. The shading of surfaces, lines, and holes is not 
customary on working drawings, but when used, the methods 
given in Geometrical Drawing will be followed. 

It is not good practice to spend time on elaborate titles or 
figures. Plain letters, easily read, serve all purposes and do 
not waste the time of the draftsman. 

The methods here described are those that have been found 
to be the most representative and complete, and the draftsman 
can easily adapt himself to any local regulation, if the principles 
here explained do not agree in every particular with the practice 
in the office in which he is employed. 


DUTIES OF DRAFTSMEN 


4, A brief description of the duties of the draftsman, accord- 
ing to his rank and experience in the modern drafting room, is 
given herewith. There are usually three, and sometimes four, 
grades of men: 

1. The designing engineer, or designer, who, as his name indi- 
cates, designs the apparatus. 

2. The leading, or chief, draftsman, who takes the ideas of 
the designer and works them up into practical form. Very 
often the designer does his own laying-out work, and, in such 
case, fills both the position of chief draftsman and designer. 

3. The detail, or junior, draftsman, who works either directly 
or indirectly for the leading draftsman, takes the assembly 
drawings or sketches and works out the details calling for 
proper material, parts, and quantities. His work approaches 
more nearly to that of the leading draftsman as he gains in skill. 
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4. The tracer, who takes the pencil detail drawings, and 
makes tracings for reproduction; his work in turn approaches 
that of the detail draftsman as he gains in skill and experience. 
As a rule, the beginner without previous practical experience 
will start work as a tracer. If he does this work neatly and 
intelligently, and devotes his spare time to technical studies, 
he can count upon promotion to the more responsible position 
of detail draftsman, if opportunity offers, from which position 
he can then advance himself higher and higher. 

The distribution of duties outlined above would meet the 
requirements of the average, medium-sized establishments. 
These requirements vary considerably from the small shop 
employing a single draftsman up to the large concerns with their 
corps of consulting and designing engineers and hundreds of 
draftsmen and tracers. 


ACCURACY AND NEATNESS IN TRACING 


5. Tracings are usually required quickly, but this does not 
mean that the work may be inaccurate or carelessly done. A 
systematic method will greatly facilitate the work and give 
better results. The tracer must study the pencil drawing to 
be traced to familiarize himself with the shapes of the various 
parts, and he will thereby save much erasing. 

The necessity of carefully following all instructions in making 
tracings cannot be too forcibly presented. Slovenly work will 
at once create a bad impression, while painstaking work, and 
carefully made and presentable tracings, will immediately place 
the tracer in favorable standing with his employers. At the 
start it is better to work slowly until the subject presented is 
well in hand and perfectly understood. While speed is impor- 
tant, accuracy must come first. ° 

The drawing office routine generally provides for checking 
of the work—design and details—as well as the tracings. This 
is, however, the employer’s safeguard; and the draftsman’s 
responsibility is not lessened by the practice of having the 
drawings checked. 
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! SCALES OF DRAWINGS 
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6. It is seldom convenient to make full- 
size drawings of mechanical devices that are to 
be manufactured; and even if such drawings 
could be made, there would be so many different 
sizes that it would be inconvenient to file them 
away systematically. For these and other 
reasons the usual practice is to make drawings 
to areduced scale, proportionate to the full size. 
Thus, if a piece of work is large, a drawing of a 
convenient size may be obtained by making all 
the dimensions either one-half of the actual 
size, or one-fourth, or one-eighth, as the case 
maybe. A drawing of avery small mechanism, 
however, is made to a larger scale than the 
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is made one-half the size of the object should 
not be confused with the case where a drawing 
is to be made to a scale of 4 inch=1 foot, as 
| the latter scale represents 54 of the full size. 
| Every half inch on the scale of 6 inches to a 
5 foot corresponds to 1 inch on the object; that 
| is, every dimension is only one-half of the real 
length. For example, to lay off a line 5 inches 
long to a scale of 6 inches=1 foot, measure off 
5 half inches and 7 sixteenths, on the full-size 
scale; a line of this length is a 5g-inch line 


‘ic object itself. If a drawing is to be made one- 

an | half size, it is drawn to a scale of 6 inches to a 
ai ie ee foot and marked, Scale 6 inches =1 foot, or 
Al |= = sometimes it is marked, Scale 4 size. This use 

eS | of a fraction to express the fact that the drawing 


——- ge 


| drawn to a scale of 6 inches= 1 foot. 
: t 
ae 7. In Fig. 1 is shown an instrument called 
li Ny . hd * 
i I a scale, that is used for laying off or measur- 
REP HN ing distances on mechanical drawings. It. is 
ee triangular in form and its edges contain eleven 
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different systems of subdivision, which are sufficient for all work 
ordinarily done in a drafting room. The scale is over 12 inches 
long and is graduated for a distance of 12 inches. The lower 
edge A, as shown, is the full-size scale, and it is divided into 
inches and fractions of an inch down to sixteenths; it is used 
for drawings in which an object is represented to actual size, 
and for taking dimensions from the object itself. 

On the opposite edge, at B, is shown the quarter-size scale, 
3 inches to the foot. The distance B to C is actually 3 inches 
on the scale, but it represents 1 foot on an object that is to be 
drawn to a quarter-size scale. The distance BC is subdivided 
into 12 parts representing inches, and each of these is divided 
into proportional parts representing $-, ¢-, and §-inch divisions. 
From C to D, D to E, and E to F, the scale is marked in its 
main divisions of 1 foot each, each division being 3 inches long, 
actual size. : 

It will be observed that the numbering of the feet divisions 
on these scales does not begin at the end of the instrument, but 
at the first main division from the end. ‘Thus, on the scale of 
3 inches=1 foot, the zero mark is placed at C, and the first foot 
is measured to D. This is done so that the feet and inches may 
be laid off with one reading of the scale. On this scale the 
figures indicating the number of feet are placed along the edge 
of the depression, as indicated at D, E, and F. The numbers 
representing inch divisions are numbered in the opposite direc- 
tion to those representing feet, and always begin at a zero mark 
and read toward the end of the scale. To lay off 2 feet 33 inches, 
to a scale of 3 inches=1 foot, place the scale so that the 2-foot 
mark, as at Ff, will be at one given point and lay off 32 inches 
beyond the zero mark C; then the distance between this point 
and F will represent 2 feet 32 inches. 

On the other end of the scale, but on the same edge, this 
same distance is shown laid off, in a similar manner, to a scale of 

7 inches=1 foot. The figures in this case read in the opposite 
direction to the others, and those indicating feet are placed nearer 
the edge to prevent confusion with the zero mark and the inch 
divisions of the 3-inches-to-the-foot scale. These various scales 
would be marked on the drawing: Scale 3” =1 ft., 14” =1 ft., etc. 
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The other edges of the instrument are divided into scales 
of 1 inch and 4 inch, 3 inch and ? inch, } inch and } inch, 
and 38; inch and 3; inch to the foot. The practice of differ- 
ent makers varies in regard to the scales that are arranged 
together along the same edge, but the methods of division 
are the same. The dimensions given on a drawing are always 
followed, but it is also customary to state on a drawing the 
scale to which it is made. This is particularly necessary on 
detail sheets where parts have been drawn to different scales, 
the more complicated parts being drawn as near full size as 
possible, and the less complicated parts being drawn to a much 
reduced scale. 


8. When the size of his sheet is limited and a general draw- 
ing of some object is desired, the draftsman may be obliged to 
make a special scale. In such a case, one scale may be too large 


A 


12 9 
4d 


Fie. 2 


to enable the drawing to be made on a sheet of the required 
size; another scale may make it too small to show up well. 
For example, a + scale may be too large and a 7g scale too 
small; a +4; scale may be just right. If the draftsman has 
NO qa scale (that is, a scale of 1 inch to the foot), he may 
make one by taking a piece of heavy drawing paper and cut- 
ting out a strip about the size of an ordinary scale and laying 
off the inch divisions on it. Each division or part will then 
represent 1 foot on the object. Divide one of the end parts 
into 12 equal parts and each will represent 1 inch on the object. 
Lines indicating half and quarter inches may be drawn if 
considered necessary. 

Fig. 2 shows part of a scale made in this manner, giving feet, 
inches, and half-inches—the quarters, eighths, etc. of an incn 
being judged by the eye. 
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To make a + scale, lay off 12 inches and divide this distance 
into 5 equal parts, using one of the methods described in Geo- 
metrical Drawing. Using the same method, divide one of 
the end divisions into 12 equal parts, to represent inches, and 
then divide each of these parts into halves, quarters, eighths, etc. 


DRAWING PLATES 


GENERAL INSTRUCTIONS 


9. The general instructions which follow apply to all the 
mechanical-drawing plates treated in this Section. 

From the start, it should be remembered that it is essen- 
tial to do neat and accurate work; that all lines, figures, and 
letters must be clear-cut and distinct; that there must be no 
doubt as to the meaning of limits or dimensions; that mistakes 
made on drawings are often more serious than errors in the shop, 
for they may not be located until the various parts of the 
machine are to be assembled. The draftsman must also keep 
in mind the necessity of making drawings concise, but not need- 
lessly complicated; that dimensions are not to be duplicated; 
that when working drawings once leave his hands as complete 
it should not be necessary to refer to him for further particulars. 


10. Size of Plates.—The plates are to be of the same 
size as those drawn in connection with Geometrical Drawing, 
14 in. X18 in., with border lines drawn } inch from edge, making 
the working limits of the drawing 13 in. X17 in. 


11. Title and Number of Drawing.—The title or name 
of the drawing is to be placed in the lower right-hand corner 
of sheet, and a space of 1} in. x4 in. is to be reserved for this 
title; the height will vary, but the length will always be 4 inches. 
In addition to the title, there will be given in this space the num- 
ber of the drawing, the draftsman’s name, and the date when 
the drawing was finished. If desired, the date can also be 
given when the drawing was begun. 
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12. Fractions.—Fractions are to be written with dividing 
line horizontal, thus: 4”, s74’"; never thus: 5/16’, with dividing 


line inclined. 


13. Abbreviations.—Abbreviations are used on drawings 
only when lack of space prevents use of the complete word, 
although there are a few abbreviations that can be used with- 
out hesitation, having been practically fixed by long practice, 
thas: D. or “Diam.” for diameter; R. or ‘Rad.’ for radius: 
“Thds.”’ for threads; f. for finish. 


14. Definitions.—The word drill placed near a dimen- 
sion or hole is always taken to mean that a hole is put through 
the object by drilling. 

Ream or reamed placed near a hole means that the hole 
is finished by reaming. 

The word tap following a dimension and a number always 
means that the hole is to be finished. by tapping with a tap of 
the dimensions given; that is, “3-13 tap’’ would mean that the 
hole is to be tapped with a 3-inch tap, 13 threads to the inch. 

The word cored implies that finish is unnecessary, the hole 
being produced by a core, which is placed in the mold when the 
casting is made. Cores are arranged for by the patternmaker. 

The terms shrinking fit, driving fit, forced fit, and 
turning fit, always imply that the workman is to make allow- 
ance for the kind of fit called for. The holes are usually made 
to nominal dimensions, and the necessary allowance made on 
the part which goes into the hole. 

‘*f? all over means that the part is to be finished all over. 

When wishing to convey special information, write your note 
in plain English so that it cannot be misunderstood. 


15. Dimensions.—All dimensions above 24 inches are 
to be given in feet and inches, the inches being designated by 
accent (’’) mark, and feet by abbreviation ft., thus 6 ft. 43”; 
never use accent mark for feet, as there is then danger of 
confusion. 

When micrometer or gauge measurements are required, all 
dimensions are given to three decimal places; thus, 1.000’ 
would indicate 1 inch measured with gauge or micrometer; 
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6.250 would indicate 63 inches, and 0.250’’ would indicate 
! inch, all measured in the same way. Note that a zero should 
always be placed ahead of the decimal point when the dimen- 
sion is less than 1 inch; this avoids all confusion as to the value 
of the decimal. ; 

Where possible, all dimensions should be placed so that they 
can be easily read when the drawing is viewed from either the 
bottom or from the right-hand side. 

Dimensions always start from some finished surface, or center 
line, this giving a base from which work can be checked. 


16. Pencil Drawings and Tracings.—In modern shop 
practice, pencil drawings are not sent to the shop for referer 7e; 
but for this purpose reproductions are made from them in the 
form of blueprints. 

Ink tracings are made from the pencil drawings on a semi- 
transparent tracing cloth from which the blueprints are made 
by a process that will be described later on. It is not necessary 
to ink the pencil drawing, although it may be retained as a 
record. ; 

Following the usual shop practice, the drawings made in 
connection with the study of this subject will first be made in 
pencil and afterwards traced. The methods to be followed 
in making the pencil drawings will be those that have been used 
in penciling the plates in Geometrical Drawing. For the pen- 
cil drawing a good grade of manila paper upon which lines can 
be easily drawn and erased is sufficient. The tracing cloth is 
then placed over the paper drawing and the lines are inked in 
on the cloth. All ink lines on tracings must be uniformly black 
without regard to the width of these lines. 

At first 1t will be found somewhat difficult to get lines that are 
distinct and uniformly black, but by strictly following direc- 
tions, it will become quite as easy to make a good tracing as it 
is to ink in the drawing on drawing paper. 

The plates to be drawn in connection with this subject are 
numbered, beginning with 1001. They are to be drawn in the 
order of their numbers. 
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PLATE 1001, TITLE: DRAWING-ROOM SYMBOLS 


17. Plate 1001 is intended for a practice sheet in tracing, 
and at the same time to serve as an introduction to the regular 
routine of drawing-room work. The conventional methods of 
representing materials which are shown in this plate have been 
adopted for general use by all the leading drawing rooms and 
engineering offices. 

In order to distinguish readily between them, references to 
figure numbers on the drawing plates will be printed in heavy- 
faced type and those in the text in ordinary type. 


EXPLANATIONS OF THE FIGURES 


18. Shapes.—The five figures on this plate are, strictly 
speaking, five groups of figures. Thus, Fig. 1 shows in part (a) 
the side, and two methods of representing the end of a wooden 
beam, and parts (b), (c), (d), (e), (f), and (g) show simple rolled 
iron or steel forms, called shapes, which.are commonly used in 
the frames of modern iron and steel structures. Part (b) rep- 
resents the side and the section of an I beam; (c) a channel bar, . 
or channel; (d) a T bar; (e) a Z bar; (f) an angle bar, or angle; 
and (g) a flat bar, or flat. 


19. Breaks.—Fig. 2 shows the conventional practice of 
indicating breaks. When a long and comparatively slender 
object is to be drawn, it often happens that, when laid out to 
a sufficiently large scale to make it clear, it will extend beyond 
the available space. In that case the view of part of the object 
is broken away and omitted and the other parts are brought 
closer together, care being taken to let the place of the break 
be at such a point that the remaining part will indicate the 
transverse dimensions and shape of the part removed. An 
object is also frequently shown broken off when it 1s unneces- 
sary to show it complete. The fact that part of an object 1s 
broken away in the drawing is indicated by a so-called break. 

In Fig. 2 are shown some:common ways of indicating breaks 
in different objects and materials, and it will be noticed that 
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usually they show an outline that indicates the shape of the 
object. 

Wood is usually shown broken in the manner indicated in 
view (a). Views (b) and (c) show two ways of indicating a 
break in a metal plate or beam; that in (c) is the more common 
method, though the dot-and-dash line shown in (b) is often 
used. Pipes and similar cylindrical objects are generally shown 
broken as in (d), but the method shown in (e) is also used. A 
break at one end of a round rod is shown in (/), and a break 
in a similar rod where part of the rod between the two extremities 
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is omitted is shown in (g). Breaks in rectangular objects are 
often shown as in (h). Asa rule, breaks are indicated by sec- 
tion lines, but in small objects or in views drawn to a small 
scale it is sufficient to show the break in black. 


20. Structural Rivets.—In Fig. 3 is shown Osborne’s 
code of conventional signs for structural rivets, as used by many 
of the leading structural-steel companies. The sectional views 
in Fig. 3 will help to make clear the meaning of the different 
signs and the terms round, flattened, countersunk, and chipped 
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heads. Rivets that are driven in the shop are called shop 
rivets, and those left to be driven during the erection of the 
structure, or “in the field,” are called field rivets. 

The basis of this system of signs consists of an open circle 
to represent a shop rivet, a blackened circle to represent a field 
rivet, a diagonal cross to represent a countersunk head, and a 
45° diagonal stroke or strokes to represent flattened heads. 
The diagonal cross indicates not only that the rivet head is to 
be countersunk, but also that it is to be chipped off even with 
the surrounding material. If the rivet is to be countersunk, 
but not chipped, the sign indicating to flatten to 4 inch may 
be used. The positions of the diagonal lines with reference to 
the circle (inside, outside, or both) indicate whether the rivet 
head is countersunk into the far side (invisible), the near side 
(visible), or both sides of the material. Similarly, the number 
and position of the diagonal strokes indicate the height and 
position of the flattened head. Any combination of shop or 
field rivets, with round, countersunk, or flattened heads, can 
be readily indicated by the proper combination of these signs. 

The cross-section in Fig. 3 shows the forms and positions 
of shop-rivet heads, and the marks by which they are indicated. 
In the part referring to field rivets, the positions and shapes 
that are to be made in the field are shown for all except the 
first one, which, according to the indicating marks, is to have a 
full head on each end. It is well to remember that any indi- 
cating mark, whether cross or diagonal, if confined within the 
circle, shows the form and finish of the far, or invisible, head of 
the rivet; if the diagonals are outside the circle but do not cross 
at, they refer to the near, or visible head; if they extend across 
and outside the circle, they refer to both heads of the rivet. 

In Fig. 3, (a) and (a’) indicate two full heads, (b) and (b’) 
indicate rivets countersunk on the far side (invisible) and 
chipped; (c) and (c’), rivets countersunk on the near side (vis- 
ible) and chipped; (d) and (d’), rivets countersunk on both 
sides and chipped; (e) (e’) and (e’’) indicate rivets flattened to 
1 inch high or countersunk and not chipped; (f) (f’) and (/”), 
rivets flattened to +-inch high, and (g) (g’) and (g”), rivets 
flattened to 2-inch high. 
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21. Lines.—Fig. 4 shows the different kinds of lines used 
on the drawing plates accompanying these Instruction Papers 
on Mechanical Drawing. 

The style of lines indicated for surface lines is used on draw- 
ings to represent the limits or outlines of visible surfaces. 

The outlines of hidden surfaces, that is, those hidden from 
view by other intervening surfaces or parts, are represented by 
dotted lines as shown. It will be noticed that parts hidden, 
and therefore dotted, in one view, are sometimes drawn with full 
lines in other views; this indicates that from one position the 
dotted part cannot be seen, while in the other it can. 

Center lines of the style used in Fig. 4 are usually placed 
on the drawing at the working center of the object shown, and 
are extremely important, as they indicate the point from which 
work is to be laid out. Dimensions are frequently given from 
the center lines and they serve as a guide for all dimensions. 
In making a working drawing it is important that one of the 
center lines should be first located, as this will immediately fix 
the starting point of drawing. This working point is not neces- 
sarily the geometrical center of the figure, but is fixed by some 
important point about which the delineation begins and which 
is relatively important in the complete object. 

The same style of line as is used for center lines is also used 
to indicate where a section has been or is to be taken. If, how- 
ever, a partial section is indicated, the remainder of the view 
being in elevation or plan, the full (surface) line is used, except 
where there is an opening appearing in both parts of the view; 
in this case, the dash and dot would be used where the line 
crosses the opening, and the full line where it crosses the solid 
portion. 

Dimension lines are lines drawn to show limits to which 
dimensions apply; they are ended with an arrowhead, put in 
freehand, and the arrowheads should always touch the lines 


which limit the dimension, thus L\—2 zd Never thus: 
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22. Sections and Section Lining.—In order to show the 
interiors of objects, they are often drawn in section, and the 
kind of material of which they are made is often indicated by 
certain combinations of lines. Unfortunately, there is no 
universally adopted standard; thus, a certain combination of 
lines may indicate that the material is cast iron if drawn in one 
office; in another office this same combination may have been 
adopted to represent brass;and soon. As far as working draw- 
ings are concerned, there is usually no difficulty experienced on 
account of this diversity of practice, since as a general rule 
the material is, and should always be, distinctly specified on the 
drawing in order to prevent any mistake on the part of the 
workman. 


23. The most commonly used combinations of lines for 
different materials are shown in Plate 1001, in Fig. 5. Steel 
of all kinds is indicated as shown in view (a); (b) shows the sec- 
tioning employed for wrought iron. Cast iron is usually sec- 
tioned as shown in (c), and this type of cross-sectioning will be 
used for all materials unless it is deemed advisable on compli- 
cated drawings to designate kind of material by character of 
cross-section, in which case the standard sections here shown 
will be used. Brass and other similar copper alloys are sec- 
tioned in the manner shown in (d). For lead, Babbitt, and 
similar soft metal, the sectioning shown in (e) is extensively 
used. Wood, when cut acrogs the grain, 1s usually sectioned as 
shown in the upper half of (f/f), and when cut along the grain, 
as shown in the lower half. Wood is also frequently indicated 
on a drawing by section lines, even when it is not a section. 
Glass and stone, when in section, are often indicated in the man- 
ner shown by the upper half of (g); when not in section, they are 
frequently drawn as shown in the lower half. Concrete may be 
indicated as in (h); (7) gives a common representation of leather. 
Rubber and wood fiber are sectioned as shown in ( 7); firebrick, 
as shown in (k); and water, as shown in (J).. 


24. Sections of material that appear too thin on a drawing 
to be conveniently sectioned, or when it is desired to make the 
section very prominent, are often blackened in, as shown in 
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Fig. 4. In order to separate different pieces, a white line is then 
usually left between them. Black sections are most frequently 
employed for sectional views of structures composed of plates 


ERCRRRITETS Sec ONURTEEREET and rolled sections, 


such as I beams, 
angle irons, bulb 
angles, rails, Z bars. 
Se A 
25. On “many 


bese sectional views, it 
will be noticed that the section lines do not run in the same 
direction. This invariably means that there is more than one 
piece in the section given. Thus, in Fig. 5, it will be seen that 
the section lining shown at b, b is at a right angle to the other 
section lining. It is the general rule-among draftsmen that all 
parts of the same piece shown in section must be section-lined 
in the same direction, irrespective of the continuity of the 
section. Thus, referring again to Fig. 5, the fact that all section 
lining marked A is in the same direction immediately estab- 
lishes the fact that this part of the view is a section of the 
same piece. Likewise, since the sectioning shown at b and b 
runs in the same direction, it follows that b and b are sectional 
views of one piece, which is separate from A. 

The above rule governing the direction of section lines is 
always adhered to when possible; when any departure is neces- 
sary, care is taken to prevent ambiguity. Where only the sec- 
tional view is given, it 1s often very difficult to understand the 
drawing, and sometimes a violation of the above rule will be the 
cause of misunderstandings. For example, in Fig. 6 (a), since 
the section lines of a and a’, and 
also those shown at b and b’, are 
respectively in the same direc- 
tion, any one would be perfectly 
justified in assuming that a 
and a’ indicated a sectional view 
of a rod fitted with a solid bushing 5b’. Furthermore, since 
c,c¢ and c’,c’ are sectioned the same way, the conclusion 
that they were the jaws of a forked rod would be justifiable. 
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Referring now to view (b), it is seen that b and b’ are separate 
brass boxes; the part a’ is seen to be separate from the cap a, 
and the note ‘Rods Removed’’ indicates that c and c’ represent 
two separate rods. 


The way the sectional gq , 
view Sion have been Wl) 
section-lined to corre- 
spond to the front 
view shown in (b) is 
given in Fig. 6 (c). 
By a study of the per- 
spective view of this 
machine detail, which 
is Shown in Fig. 7, the 
points brought out in 
connection with the 
sectional views will be 
more easily under- 
stood. 


(a) 


26.' When a cut-~ 
ting plane passes 
through the axis of a 
shaft, bolt, rod, or any 
other solid piece hav- 
ing a curved surface 
and located in the 
plane on which the 
section is taken, it is 
the general practice 
not to show such solid 
pieces in section, but 
infull. Thus, in Fig. 6 
the sectional view (a) 
is taken on the plane 
represented by the line xy, in view (b), which passes through 
the axis of the pin d. This pin is shown in full, however, in 
views (a) and (c). The practice here shown is rarely departed 


(6) 
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from by experienced draftsmen, since it makes a drawing easier 
to read and also saves considerable time in making the drawing. 


27. Fig. 6 also shows another feature that is frequently 
met with in shop drawings. It is seen in the front view (0b) 
that no bolt is shown in the lower half of the object. A center 
line o p is drawn in, however, which indicates to the workman— 
who reasons from the symmetry of the object in respect to 
the center line « y—that the lower half of the object is to be 
supplied with a bolt placed in the plane given by the center 
line op. In case of symmetrical work, draftsmen will fre- 
quently complete only one-half of the view and merely indicate 
the other half by a few lines or not at all, trusting to the judg- 
ment of the workman for a correct reading of the drawing. In 
the best practice, a note is made on the drawing calling atten- 
tion to the fact that the in- 
dicated portion of the view 
is a duplicate of the com- 
pleted portion. 


Mili. 


SUGGESTIONS FOR MAKING 
THE PENCIL DRAWING 
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28. After the border lines 
of the plate are drawn as ex- 
plained in Geometrical Draw- 
ing, Part 2, the five figures, 
or groups of figures, can easily 
be arranged on the plate by 

Removed Rod means of the dimensions, 
cok which locate the positions of 
the views with respect to the border lines. 

In ordinary practice, the pencil drawing is made with a sharp, 
hard pencil, and shows outlines only, all black masses or sec- 
tion lining being left to be put in with ink on the tracing, which 
is to be made later. In Fig. 1, only the heights of the blackened- 
end sections are given; the widths and thicknesses may be 
drawn to proportions relative to those shown on the sample 
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copy. In actual practice, the detail dimensions of such sec- 
tions are obtained from tables furnished by the manufacturers 
of the structural iron and steel used in the construction. 

In drawing Fig. 3, the center lines should be drawn first, 
thereby locating the centers of the various circles. 

In drawing Fig. 5, it is necessary only to locate and draw 
the outlines of the squares and rectangles, as the section 
lining in these, as well as in Fig. 1 (a), will be filled in and drawn 
direct in ink on the tracing. The title in the lower right-hand 
corner of the tracing and the dimension figures and dimension 
lines should be penciled on the drawing before it is traced. The 
inscriptions (a), (b), (c), etc., under the views are merely for 
convenience, and are not to appear on the drawing; all other 
lettering should be put on carefully. Full instructions in regard 
to lettering are given in Geometrical Drawing, Part 1. 


TRACING THE DRAWING 


29. The directions here given for making tracings are of a 
general nature and will apply to all the tracings required in 
this course of study. 

It will be observed that the tracing cloth has two sides of 
different finish. One is known as the glossy side and the other 
as the dull side. After the pencil drawing has been carefully 
finished and all dimensions have been checked with the scale 
and found accurate, place a sheet of tracing cloth over the 
drawing, putting thumbtacks in each corner, and smoothing out 
all wrinkles. Either side of the tracing cloth may be used 
for the inking in, but the glossy side is preferable because it 
gives a better appearance to the finished drawing and will not 
soil so easily. Lines drawn on the glossy side can also be 
erased more easily. The dull side has its advantage when it 
is found necessary to do pencil work on the tracing. When a 
tracing is to be photographed it is better to make it on the dull 
side. There are no rules governing the matter, and the drafts- 
man uses the side that will best suit the work, or his individual 
taste, or conform to the practice of the drafting room in which 
he is employed. 
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In order that it may take the ink properly, the surface of 
the tracing cloth must be free from all dirt or grease. A little 
powdered chalk rubbed over the entire surface with a soft, 
clean rag, and then wiped off, will serve as an effective cleaning. 
Dealers in drawing materials offer, for the same purpose, a 
tracing powder, or pounce. put up in convenient tin shakers. 
The handling of tracing cloth with perspiring or greasy hands 
will make the surface unsatisfactory for the inking in and con- 
sequently the chalk powder should be rubbed over it whenever 
needed. 


30. In making small tracings that can be finished quickly, 
it is the usual practice to trace the center lines first. On tracings 
that are not likely to be completed the day they are begun, it 
is safer to ink the center lines in only such a part of the drawing 
as can be finished in a short time. The reason for this is that 
the tracing cloth expands and contracts with the varying 
amounts of moisture in the atmosphere, so that if center lines 
are drawn in various parts of a large tracing, by the next day 
they may be so much out of place, as compared with the pen- 
cil drawing, as to be useless. 

After as many center lines are inked as seems advisable, the 
circles and curves are traced. It will be found much easier 
to draw a straight line from the end of a curve or to connect 
two curves with a straight line than to draw the straight lines 
first and then join the curves to these. In fact, the latter 
method is very awkward and sometimes impossible. Care 
must also be taken when tracing curves that they are not drawn 
beyond the points at which they are to join the straight lines, 
otherwise poor and easily noticed joints will be the result. 


31. After the center lines and curves have been traced, the 
horizontal lines should be drawn with the T square, those at 
the top of the sheet being drawn first, the work proceeding 
downwards. Next, with the triangle against the upper edge of 
the T square, draw the vertical lines, and then the inclined lines. 

In order to arrive at a proper thickness of line, try the ruling 
pen on the edge of the tracing cloth that is outside the trimming 
line, or on a separate piece. Do not begin to draw any lines 
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on the tracing until the pen works freely and smoothly and pro- 
duces lines of the right thickness. No other working or con- 
struction lines than those shown on the sample copy should be 
inked in on the tracing. In the case of blackened sections such 
as shown in Figs. 1, 2, and 3, the outlines should be inked in 
first and the enclosed area afterwards blackened with the let- 
tering pen. When the rest of the tracing has been completed, 
the title and all lettering and dimension figures should be 
inked in. 


ERASING 


32. Erasing on Tracing Cloth.—To make erasures on 
tracing cloth, the cloth should be laid on a smooth surface and 
rubbed gently and patiently with the eraser until all traces of 
the lines have disappeared; a rotary motion imparted to the 
eraser often facilitates the.operation. The gloss on the tracing 
cloth, which may be destroyed by the rubbing, can be renewed 
by applying powdered soapstone with a piece of chamois skin 
and finishing the spot by rubbing with the chamois skin alone. 

Another method by which ink spots may be removed from 
tracing cloth is by the use of spirits of camphor applied with a 
soft cloth. This method does not damage the texture of the 
tracing cloth. 


33. Erasing on Drawing Paper.— When it is found neces- 
sary to erase an ink blot or a line that has been inked on drawing 
paper, only an ink eraser, or sand rubber, should be used. After 
the erasure is made, the roughened part of the surface of the 
paper should be smoothed by rubbing with some hard substance, 
as a piece of ivory or the handle of a knife. 


INSTRUCTIONS AND DEFINITIONS 
34. Before beginning work on the next plate, further instruc- 


tions and definitions are necessary. 


35. Numbering of Drawings.— When a drawing is inade 
it is given a number by which it can be identified; this is called 
the sheet number or the plate number, as Plate 1002. 
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When a detailed drawing is finished, a number called a part 
number is given to each of the details or parts, and by this 
number the part represented is thereafter identified. Such 
numbers are placed on the drawing as near to the representation 
of the part as is convenient. In all the plates that follow, the 


part number enclosed in a circle $ inch in diameter, as C1) 


will be placed near the view of the part to which it refers. 

Part numbers begin at 1. Be careful to place them so that 
they will not interfere with dimensions, center lines, or surface 
lines. These part numbers will be referred to in the material 
list, as explained later. 


36. Pattern Numbers.—All machine parts that are 
made from castings must first have a pattern, and the common 
practice is to have the draftsman note, in the proper place on 
the drawing, that a pattern is to be made and give it a number 
by which it can be known and referred to. This pattern num- 
ber, which is assigned the first time the part appears on the 
drawing, will be the number of the drawing, or the plate number, 
with a letter annexed, thus: Part 1, Plate 1002, is made of 
cast iron and its pattern number will be 1002-A. This num- 
ber serves as an immediate means of identification and gives 
any person who handles the pattern the number of drawing 
upon which all dimensions can be found. This pattern number 
is called for in the material list of which an explanation follows. 


37. Material List.—All detailed working drawings have 
a list of materials placed at some convenient part of the draw- 
ing; this is the list of parts shown on the drawing giving the 
number of parts necessary to complete the apparatus shown, 
the material from which they are made, and a note calling for 
patterns when they are necessary. This material list is best 
placed above—and is practically an extension of—the title. 
The list is divided into six columns which, taken together, are 
4 inches wide, the same width as the main title previously 
described. Column 1, at the left-hand side, is made 4 inch 
wide and is the quantity column, showing the number of parts 
required in order to complete the part detailed; column 2 is 
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made 13 inches wide, and gives the common shop name of the 
part; column 3 is 4 inch wide, and shows the part number; 
column 4 is made f inch wide, and shows the material from which 
the part is to be made; column 5 is made inch wide, and is 
reserved for the word “‘pattern’”’ when one is necessary ; column 6 
is made } inch wide, and contains the letter by which the pat- 
tern will be known when called for, it being preceded by the 
number of the drawing. It frequently happens that patterns 
made for one machine can be used to produce castings for 
another machine under construction. In such cases the pattern 
would be designated in the material list by the number and 
letter first assigned to it. It is not at all necessary to put a 
heading over these columns, as the use which is made of them 
soon fixes their object in the mind of the draftsman. 

The material list 1s divided into sections by horizontal lines 
qs inch apart. Standard details, such as machine screws, 
bolts, nuts, washers, keys, and similar parts, have part num- 
bers assigned to them, but are seldom detailed on the drawing, 
the material list giving all the information that is necessary 
in order that they may be supplied to the person who is to 
assemble the part. 

The material list is best arranged in such a way that the 
lowest number is put at the bottom of the list. The reason 
for this is to permit the adding of another detail, if such should 
become necessary, or, in other words, placing the parts in this 
order in the title permits the extension upwards of the space 
occupied by the latter as desired, some titles listing only a few 
details and others many, according as the machine drawn is 
more or less complicated. 


38. Positions of Views.—The main view or elevation 
once having been located, the right-hand view of the object 
will be shown at the right of the elevation, the top view at the 
top, bottom view at the bottom, etc. This method of location 
of views is technically known as third-angle projection and is 
more generally used than first-angle projection, which differs 
from it by having the right-hand view of the object placed on 
the left-hand side of the main plan, the bottom at the top, etc. 


194—11 
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An explanation as to the use of the first-angle and third-angle 
projection will be given later on in Practical Projection. Either 
plan may be used, but each drawing office has a standard prac- 
tice that must be followed. In the plates which follow, third- 
angle projection is adopted as standard. 


PLATE 1002, TITLE: SIMPLE MACHINE DETAILS 


39. Plate 1002 is intended to show how to make a regular 
working drawing of simple machine details, and the necessary 
directions for drawing each object will be given. Because those 
having little or no acquaintance with machinery often find it 
difficult to obtain an accurate idea of the appearance of an 
object from a mechanical drawing, perspective representations 
of the objects to be drawn are given in the text. These should 
be studied carefully before the 
drawing is undertaken. 


40. Part 1 represents an ordi- 
nary box coupling, which is a cast- 
iron cylinder fitting over and con- 
necting the two ends of a shaft. 
The depth of the keyway is cut half into the coupling and half 
into the shaft ends not here shown. 

The views given on the plate are an end elevation and a 
sectional elevation. In the end elevation all outlines are seen, 
but in a side elevation the keyway and inside diameter would 

_not be visible, and ordinarily would be represented by dotted 
lines. 


Fic, 8 


A more common method is to cut away a quarter section, 
drawing the interior edges with full lines, and then section-line 
the cut to show the material from which the part is to be made. 
Such a view is called a sectional elevation. In Fig. 8 is 
shown a perspective view of the object represented in Part 1. 

To draw the views shown on the plate, begin by locating a 
horizontal center line 2 inches below the upper border line, 
and a vertical center line for the end elevation, 12 inches from 
the left-hand border line. 
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From the intersection of the two center lines draw a circle 
1 inch in diameter for the bore of the coupling, and from the 
same center describe a circle 2 inches in diameter, this dimension 
being obtained from the sectional elevation. 

To draw the keyway, lay off a distance of 4 inch each side 
of the vertical center line and draw two lines to intersect the 
inner circle, at which points the depth of the keyway may be 
laid off and a horizontal line drawn completing the keyway and 
also the end elevation. 

To draw the sectional elevation, locate the left edge 14 inches 
from the vertical center line, and from this point measure off 
the length, 45 inches, on the horizontal center line, and through 
these points draw vertical end lines of indefinite length. With 
the T square project lines tangent to the outer circle of the 
end elevation and project the corners of the keyway across 
the sectional elevation. With the bow- 
pencil set to a radius of } inch, put in the 
rounded corners. 


LLL. 
Mlht! 


41. Part 2 represents the blank or cast- 
ing for a gear pinion ready for the cutting 
of the teeth. SE 

Fig. 9 gives a clear idea of its shape. 

Locate the views by drawing a horizontal center line 2 inches 
below the upper border line, and through this line draw a ver- 
tical center line 74 inches from the right border line. The end 
elevation is to be drawn from the dimensions given and in a 
similar manner to the end elevation of the coupling. 

Locate the left edge of the sectional elevation J% inches from 
the vertical center line of the end elevation, and trom this point 
lay off the two divisions of 17g inches each, drawing vertical 
lines of indefinite length through these points. The horizontal 
lines of the sectional elevation are now projected from the end 
elevation to complete the figure, in the manner described for 


Part 1. 
42. Part 3 represents two views of a gland, or the outer 


portion of a stuffingbox, as illustrated in Fig. 10. It fits into 
the bore of the stuffingbox and compresses the packing. 
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To draw the views, locate a horizontal center line 64 inches 
from the upper border line; and 23 inches from the left-hand 
border erect a vertical centerline. From 
the intersection of these lines describe 
three circles of the dimensions given, two 
of which are found in the sectional ele- 
vation. Draw the left edge of the sec- 
tional elevation 25 inches from the 
vertical center line, and from this space 
off and draw the vertical divisions with 
the dimensions given and project the 
horizontal outlines from the end eleva- 

Hie; 26 tion to the sectional elevation. A 
diagonal line drawn to represent a conical surface completes 
the view. 


43. Part 4 shows an eccentric, or modified form of crank, 
illustrated in Fig. 11, that is extensively employed to give the 
desired motion to the slide valve of a steam engine. 

On the plate it is represented by a front and side elevation. 
The horizontal center line 1s located 6 inches from the bottom 
border line and the vertical center line 74 inches from the right 
border line. 

In the end elevation, it should be noticed that the center for 
the outer circle is 2 inch above the center of the inner circles. 
The left-hand edge of the side elevation should be located 

* inches from the vertical center line of the end elevation. 
No special instruction is necessary to draw these two views, as 
they are similar to those that have preceded 
them except that on the side elevation the in- 
terior parts are indicated by dotted lines. 


44. Part 5 of the plate represents three 
views of a link or connecting bar with forked 
ends, illustrated in perspective in Fig. 12. 

Draw the center line of the elevation 12 inches 
above the bottom border line and the center 
line of the plan 3 inches above the same border line. The 
vertical left-hand center line is located 14 inches from the 
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left-hand border line and the center line of the other end is 
drawn from the dimension given. Locate the center line for 
the end view of the link 1} inches to the right of the nearest 
vertical center line in the elevation. 


TTT 


Fie, 12 


Begin drawing the plan view by describing arcs for the 
rounded ends of the links and circles for the holes and connect 
the arcs with horizontal lines. 

From each end lay off measurements of +2 inch and 33; inch, 
at which points draw vertical full and dotted lines to represent 
the outside and inside edges of the forks. 

Now draw the front elevation by first projecting lines from the 
outside shoulder of each fork and intersecting these projected 
lines by two horizontal lines laid off 3% inch each side of the 
horizontal center line. The vertical dimensions of the forked 
part may now be laid off each side of the horizontal center line 
from the: dimensions given and the rounded corners or fillets 
put in with arcs of ;g-inch radius. 

The end view may be laid off by drawing two vertical lines 
# inch each side of the vertical center line and projecting the 
thickness of the forked parts from the front elevation. The 
horizontal dotted lines represent the thickness of the bar and 
the vertical dotted lines the holes in the forked ends. 


45. Part 6 is a drawing of a cam shaft illustrated in Fig."13. 
A cam is a rotating piece, either non-circular or eccentric, used 
to convert rotary into 
reciprocating motion. 

The cam is repre- === 
sented by a plan and 
an end view and is 
drawn as follows: Draw a vertical center line for both views 
at a distance of 1; inches from the right-hand border line, and 
a horizontal center line for the end view 44% inches above the 
bottom border line. Describe a circle with a %-inch radius 
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to represent the cam-shaft and another circle with a 3-inch 
radius. Locate on the horizontal center line a point { inch 
to the left of the vertical center line, and, on the yertical center 
line, a similar point 3 inch above the horizontal center line. 
From these points describe ares with a g-inch radius. Tangent 
to the arcs draw the tapering sides of the cams. The part of the 
cam that is hidden is shown in dotted lines. The plan view 1s 
now drawn by locating the upper end of the shaft 7§ inch 
from the top border line. Lay off all the vertical divisions from 
dimensions given and draw lines through these points. Pro- 
ject the lines representing the diameter of the shaft and the 
edges of the cams from the end view. 

Put in all dimension lines and dimensions and pencil in the 
title and material list. 


46. The drawing is now ready to be traced. As the tracing 
will take a comparatively short time, all center lines may be 
traced first, then the circles and arcs, and finally the straight 
lines. 

The dimension lines may then be added and arrowheads 
made to extend exactly to the lines from which the dimensions 
are taken. Sometimes dimension figures occur in places that 
are to be sectioned and it is therefore advisable to put the 
dimensions in first. On the plate, the notes ‘‘f”’ all over indicate 
that the entire surfaces of the objects shown are to be machine 
finished. 


EXPLANATIONS 


47. Details That Should Appear on Pencil Drawings. 
In the following pages many of the illustrations in the text may 
be considered to represent the pencil drawings in the form in 
which they would appear when prepared for tracing. Prac- 
tice varies among draftsmen in regard to the completeness of 
such drawings. Many draftsmen consider that these drawings 
are only to indicate the location of the various lines, hence lines 
that are to be dotted on the tracing are often drawn full, because 
they can be drawn more quickly, and construction lines are 
left on, the lines being properly dotted and unnecessary lines 
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omitted when the tracing is made. This method may be safely 
followed by experienced draftsmen when tracing their own pen- 
cil drawings, but the safest way is to make such distinctions 
between full and dotted lines on the pencil drawing that it can 
afterwards be traced without hesitation and confusion. It is 
also well to erase on the pencil drawing such construction lines 
as are not to appear on the tracing. A little extra time and 
care given to the line work on the pencil drawing will be fully 
made up for by the increased rapidity with which the tracing 
can be made. 


48. Conventional Methods of Representing Screws. 
The next plate to be drawn consists of representations of screws, 
bolts, etc., the first eight 
figures showing the con- 
ventional methods of repre- 
senting screws. The actual 
construction and _ projec- 
tion of a screw thread are 
similar to the construction 
of a helix, as shown in 
Problem 26, Geometrical 
Drawing, Part 2; but in 
order to save the time re- 
quired to locate the points 
and to trace in the curves, the following conventional methods 
of representing screw threads are universally employed, except, 
perhaps, in the case of screws of very large diameter and pitch. 
Before drawing the figures representing screws it will be neces- 
sary to give a brief description of the general principles governing 
the laying out of such threads. 
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49. A plain screw thread on the end of a bolt is shown in 
Fig. 14. The outer edge a where the sides of the thread meet 
is called the point of the thread; and the inner point b where the 
adjacent sides meet is the bottom of the thread. The diam- 
eter of a screw is the diameter measured over the points of the 
thread; that is, it is the same as the diameter d of the bolt before 
the thread was cut. The root diameter is the distance through 
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the core of the screw from bottom to bottom, as d;. The 
height or depth of a thread is the vertical distance h from the 
bottom to the point, or top edge, of the thread. 


50. <A single thread has one spiral groove cut around the 
bolt, leaving one spiral ridge, or thread, as shown in Fig. 14. 
A double thread has two spiral grooves cut around the bolt, 
side by side, leaving two parallel spiral ridges, or threads. 
Fig. 15 shows a double thread. One thread is cut farther along 
the bolt than the other to show how the first thread is cut. A 
triple thread has three spiral grooves, and consequently three 
spiral ridges, or threads. If two strings are wound spirally at 
the same time around 
a pencil, the strings 
being kept side by 
side, they will repre- 
sent a double thread; 
if three or four strings 
are used, “a triple or 
quadruple thread will 
be illustrated. 


51. Thepitch of 
a thread is the dis- 
tance, measured par- 
allel to the axis of the 
bolt, from the point of one thread to the point of the thread 
next to it,as pin Fig. 14. The lead of a thread is the distance, 
measured parallel to the axis of the bolt, from a point on a 
thread to a corresponding point on the same thread when the 
thread has made a complete turn around the bolt. Ina single- 
thread screw, the pitch and the lead are equal; in a double-thread 
screw, the lead is twice the pitch; in a triple-thread, it is three 
times, and in a quadruple-thread it is four times the pitch of 
a single-thread screw. This is illustrated in Fig. 16. 


Fic. Lb 


52. To increase the traverse of a screw the thread must 
be made of greater lead. Ifa single thread were increased pro- 
portionately in height and width to correspond with the increase 
in the lead of a screw, too much metal would be cut away and 
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the screw would be weakened, as shown by the dotted lines in 
Fig. 17, unless the rod was made larger in diameter. For this 
reasun, double, triple, or quadruple threads of less depth are used. 

A thread is said to be right-handed when the piece on which 
it is cut can be screwed into a nut by turning in the direction 
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of the motion of the hands of a watch; but if the piece must be 
turned in the opposite direction, the thread is left-handed. 
Threads are usually right-handed. If a piece is threaded right- 
handed, the nut to fit it must be threaded right-handed. 


PLATE 1008, TITLE: DETAILS 


53. On plate 1003, Figs. 1 to 8, constituting the upper row 
of figures, are to be drawn full size. Figs. 9, 10, 11, 12, 13, 
23, and 24 are to be drawn 
half size, or to a scale of 
Oinches=1 foot. Figs. 14, 
15, 16, 17, 18, 19, 20, and 
22 are to be drawn full size, 
and Fig. 21 is to be drawn one- 
fourth size, or to a scale of 
Simenes= 1 foot. 

To locate the upper row of 
views on this plate, draw a faint 
horizontal line 14 inches below the upper border line and locate 
the upper ends of the views along this line. Draw another 
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horizontal line 33 inches below the first line, to limit the lengths 
of these views. Leave a space of 3 inch between Fig. 1 and the 
left-hand border line, and spaces of +2 inch between Figs. 1 to 7, 
and ¢ inch between Figs. 7 and 8. 


54. Fig. 1 represents a single V-thread screw 14 inches in 
diameter and having seven threads to the inch; that is, the pitch 
is + inch. 

In Fig. 18 is shown the method of constructing the thread. 
Draw an elevation of a cylinder 14 inches in diameter and having 
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mn asa, center line: There vare 
17 threads to be shown and from a 
point 2 inches below the top line, 
locate point o. The space between 
o and the top line is to be divided 
into 14 equal parts by using the 
method described in Geometrical 
Drawing, Part 2. Apply the com- 
passes to the scale and open them 
sf until they span a distance that can 

conveniently be divided by 14, which 

is the number of threads in 2 inches. 
In this case this distance is 33 inches; and then with this length 
as a radius and using o as a center, strike an arc intersecting the 
extended horizontal line ah at p. Connect o p by a straight 
line, and by using the scale and a sharp-pointed pencil set off on 
this line the 14 divisions, as pb, bc, and ¢ d, which are 4 inch on 
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the full-size:scale. 


Draw from each of 
these dividing points, 
with the aid of a 
T square, faint hori- 
zontal lines intersect- 
ing the vertical line 
hq. With the 30° tri- 
angle along the edge 
of the T square; as 
shown in Fig. 19, draw 
inclined lines from h 
and t intersecting at s, 
as shown in Fig. 18. 
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With the scale in the same position, point off 


to the left of o three +-inch spaces for the three extra threads. 


eee ee 


Through the point s draw a vertical line gz to serve as a limit 


for the bottoms of the threads. 
t-hand side in the same manner. 


on the righ 


Right-hand Thread 
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bow-pen. 
as steel. 


Finish the remaining threads 
From the points s 
and u draw horizontal lines cutting ae in7 
and v. From the points 7 and v, with a 
30° triangle along the edge of the T square, 
draw inclined lines similar to those on the 
right side to intersect at r. Through the 
point 7, draw a vertical guide line fk. 
Finish the remaining threads on the left 
side. Connect all the outer edges of the 
threads by lines, as hj and tv, which will 
be parallel if the work has been accu- 
rately done. Connect all the inner points 
representing the root of the threads by 
lines, as r s, which will also be parallel. 
The threads are cut on the ends of 
straight rods and only a portion of the 
rod is shown; therefore, the conventional 
method of indicating the break is used; 
this may be drawn freehand or with the 


The surfaces of the breaks are shown sectioned 
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55. The method for laying out the pitch for single-, double-, 
triple-, and quadruple-threaded screws is shown in Fig. 16 (a). 
The heavy lines abc indicate the angles, and the light hori- 
zontal lines the number of threads to the inch. In view (0) 
the illustration shows the threads on each type of screw com- 
nleted with one continuous thread accented. 


56. Fig. 2 represents a single V-thread screw exactly like 
he preceding one except that the thread is a left-hand thread 
instead of a right-hand. 

To determine whether the drawing of a 
screw represents a right-hand or a left-hand 
thread, note that when the axis is vertical, 
if the lines representing the thread slope 
downwards from right to left, the screw rep- 
resented. is right-handed. If the threads 
slope downwards from left to right, a left- 
hand thread is represented. This is illus- 


(@) 
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trated in Fig. 20, where the view of a right-hand thread shows 
that the angle between the axis and the thread (the angle being 
measured to the right of the axis and below the thread) is an 
obtuse angle, and for the left-hand thread it is an acute angle. 

It is customary to assume that all screws not otherwise marked 
are right-handed. No further instruction should be necessary 
for drawing the thread. 


57. The Seller’s triangular or V thread, commonly 
called the American thread, or United States Standard, 
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which is used in the United States, is shown in Fig. 21 (a). 
Pig. 21 (b) is an enlarged section of the thread. The angle 
between the sides of the thread is 60°. The distance p indi- 
cates the pitch of the screw. As shown in the figure, a section 
of a single thread is an equilateral triangle, the altitude of 
which is h; to form the United States Standard thread one- 
eighth the altitude of the triangle is cut off from the apex, and 
the angle at the root is filled in to a like depth. Hence the real 
depth of the thread /, is three-quarters the altitude of the 
triangle, that is, hy= 3h. 

58. Fig. 3 represents a double V-thread screw 1+ inches 
in diameter. It has 33 double threads per inch; that is, the 
pitch is 1+3%=2 inch. 

It will be noted that a line drawn at right angles to the axis 
of the screw will, as 
shown in Fig. 18, in- 
tersect the outside 
edge of the thread 
on one side and the 
bottonur of the 
groove on the other 
side. This 1s the 
case with single- 
thread screws and 
applies to Figs. 1 
and2. In Fig. 22 it ones 
is seen that a line drawn at right angles to the axis of the 
screw will intersect the outside edge of the thread on both 
sides. This indicates a double-thread screw, of which Fig. 3 is 
a representation. Figs. 18 and 22 show that the spacing of 
the threads is done by the method given in Problem 6 of 
Geometrical Drawing, Part 2. 
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59. Fig. 4 shows a simpler method of representing a 
V-thread screw. This method has the advantage of making 
a neat-looking drawing and of being very rapid in delineation. 
The pitch of the threads is laid off as in the three preceding 
figures. The heavy lines represent the bottom of the thread, 
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and their lengths are determined by constructing an equilateral 
triangle on the pitch distance, as shown in Fig. 23, and limiting 
the lines to distances between two corresponding vertexes of the 
triangle. The diameter of the screw is 1 inch and the number 
of threads per inch is 8. 


60. Fig. 5 represents the screw shown in Fig. 4, but with 
the heavy lines replaced by light ones. This method has many 
advantages in making tracings, as it makes the resetting of the 
pen unnecessary, and the ink does not take 
so long to dry. The method shown in Fig. 4 
will be used for ordinary work; that shown in 
Fig. 5, when there are a number of details of 
the same sort, making a more elaborate rep- 
resentation inadvisable. 


61. Fig. 6 shows the very simplest method 
of indicating screw threads. For this purpose 
it is just as effective as the method employed 
in Figs. 4 and 5 and is used in cases of hurry 
or when the appearance of the drawing is 
considered of less importance, and when the 
drawing shows a great number of screws. 

When screws are represented, as shown in 
Figs. 4, 5, and 6 it is not customary to lay 
off exact distances between the lines that 
represent the tops and bottoms of threads. 
The distances between the lines are made 
even and of any size that presents a good 
appearance. This adds, of course, to the 
rapidity with which a drawing can be made. 

The right-hand V thread is considered as a standard and 
is always furnished unless some other is specifically called for. 
When left-hand, double, or multiple threads are wanted, it is 
customary to place a note near the part detailed, calling atten- 
tion to the fact. 
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52. In Fig. 24 is shown a series of diagrams to assist in 


laying out square-thread single-, double-, triple-, and quadruple- 
thread screws. 
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It will be noted that the lead and the pitch of a single-thread 
screw are the same. The lead always refers to the distance 
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the thread advances with one revolution of the screw. For 
double-, triple-, and quadruple-thread screws, the lead increases 


but the pitch always remains the same, as 
shown in the illustration. The lead of a 
double-thread screw is twice the lead of a 
single-thread screw; that of a triple-thread 
screw is three times, etc.; and the lead is 
always made some even multiple of the.pitch. 

The heavy full and dotted lines in the 
diagrams indicate one continuous thread for 
each type of screw. 


63. Fig. 7 represents a square-threaded i 


single-thread screw 13 inches in diameter and 
z-inch pitch. Fig. 25 shows the same kind 
of screw in perspective. To draw the screw, 
foliow the directions given herewith in con- 
nection with Fig. 26. 

First draw the center line mn 3% inches 
from the right border line, then draw a line 


ab at right angles to mn. The diameter of the screw being 
2 inches, set off on the line a b 13 +2=j inch each side of the 
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center line, and from these points draw construction lines ad 
and be parallel to the center line. The depth of the thread 
should be one-half the pitch, or 3+2= '; inch; hence, set off 
points f and g ;%; inch from each side of the screw to locate the 
bottom of the thread, and through the points f and g draw 
construction lines fh and gi. On the line ad set off the width 
of the groove and of the thread, locating the points a,c, 7, k,l, 
0, p, etc., each equal to 3% inch, or one-half the pitch. Now 
draw an edge line cb, and parallel to cb 
draw lines j x, k q, Ir, etc., through the 
points 4, k; /;.ete. 

Draw faint construction lines join- 
ing the points c and g,7 andr,k ands, 
etc., to represent the back edges of the 
threads, and make the parts that are 
seen, full lines. Draw faint construc- 
tion lines horizontally from points 7,/, p, 
etc. to the line fh, and from the 
points of intersection with fh draw 
lines, such as vt, to the center points 
of the lower side of the threads, these 
lines representing the visible bottom 
lines of the threads. Likewise draw 
horizontal lines from the points q,s, 
etc., to the line g7z, and from the points 
of intersection with gz draw the lines 
uw,etc. With these construction lines 
in place, all remaining outlines can 
now be drawn and the broken end de 
completed. The method of drawing the remainder of the screw 
should be apparent. 
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64. In some drawing offices this conventional method of 
representing screw threads is further simplified by omitting the 
lines at w, which indicate the upper surface of the threads, as 
well as those at v that represent the lower surface. The threads 
will then be indicated by a series of parallelograms, such as 
cbx7,kqri, etc. 
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It will be noticed that the width of the thread and of the 
groove, measured parallel to the center line mn, and the depth 


of the thread are all exactly the same; that is, they 
are each equal to one-half of the pitch. If a section 
were taken through the center line mn, the thread 


and groove would look like, Fig. 27, a series of \ 


squares; hence the term square thread. 


65. 


lead of 2 inch. The width and depth of the thread 
is equal to one-half the pitch, or 3+2= 3; inch. 

In this case there are two threads, the second 
thread being located between the turns of the first. 
To draw this, proceed exactly as in the last figure, and 
follow the directions given 
herewith in connection with 
Fig. 28, 


~ 
3 
| 


In Fig. 8 is shown a double square-thread < 
screw 1% inches in diameter with 2-inch pitch anda \N 


NO 


_ 
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To get the direction of the line bc, 


c 
j oe. Fig. 28, which in this figure represents 
ery the lower edge of the thread, set off ac 
eee t equal to one-half the lead, or 3+2=2 
6 eae a inch, and draw the line bc. The width 
se of the threads and grooves, and also the 
ieee depth of the threads, is one-fourth of 
poe ae the lead, or 3+4= 4 inch. 
et Through the points k, l, 0, etc., draw 
i ag faint pencil lines k x, etc., to represent 
=e the back edges of the threads and make 


the parts that are seen in full lines. 
Through the point k draw a faint hori- 
zontal pencil line kr, intersecting the 
line f h in v, and draw the line t v, which 
represents the bottom of the thread. 
The remainder of the screw should be 


drawn without difficulty. 


Fic. 28 


66. When a screw thread is hidden by part of the object 
and it is deemed necessary to show its location, dotted lines 


i54—12 
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are drawn in one of the three ways illustrated in Fig. 29. Of 
these methods, (a) is the most complete, but (b) is the form 


RADARARAAAIIAA DAY 


Z 
1 


poe nce + - = - 


generally used and is clear. Fig. 29 (c) should not be used 
unless supplemented by a note, as “2” stud” or “13” bolt,” etc. 


67. After the first eight figures of the plate are completed, 
draw a horizontal line 64 inches below the top border line and 
locate the tops of Figs. 9, 11, 13, 15, 17, and 19 along this 
line. Lay off on it a poms 

+ inches from the left-hand 
border line, and through this 
point draw the center line of 
Figs. 9 and 10. From this 
point, also, lay off other points 
2 inches apart, through which 
draw center lines for Figs. 11 
to 14, inclusive. The center 
lines for Figs. 15 to 22, in- 
clusive, are 1% inches apart, 
and Figs. 23 and 24 are drawn 
= separately. 

Figs. 9 and 10 represent a 
- conventional method of draw- 
ing a hexagon-head bolt and nut, and in Fig. 30 (a) is shown a 
perspective view of the bolt. The bolt is 1 inch in diameter 
and 20 inches long, with the threaded portion cut eight threads 


(a) 


Fic. 30 


$14 MECHANICAL DRAWING 41 


to the inch. The head is 13 inches between the parallel sides, 
usually referred to as 13 inches across the flats, and the curve 
at the lower end of the bolt is drawn with a radius equal to the 
diameter of the bolt. 

To make plain the manner in which the nut and the head of 
the bolt is laid out, the method that is to be followed will be 
described in detail. It is not common practice to show more 
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than one view of either a bolt or nut, the shape being determined 
by the delineation, but for the purpose of a clearer understand- 
ing an exception from this practice has been made in Figs. 10 
and 12, which show the ordinary conventional method of 
representing nuts. 


68. To lay out the nut in Fig. 10, refer to the detail con- 
struction shown in Fig. 31. The vertical center line m n having 
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been located, draw the horizontal center line ac 14% inches 
above the bottom border line. With the point of intersection o 
as a center, draw a circle having a diameter of 13 inches. This 
is the “across plate’ dimension of the nut. The sides of the 
nut are drawn tangent to this circle by means of the T square 
and the 60° triangle. The dotted circle with 1-inch diameter 
represents the bottom of the threads and the ;§-inch-diameter 
circle the top of the threads. The upper view of the nut is 
projected from the bottom view as shown, the line de being 
located on the plate 44 inch above the center lineac. To con-— 
struct the curves which form the top of the nut, draw a circular 
arc from ¢ as a center, with a radius equal to the diameter of 
the bolt (in this case 1 inch), tangent to the line de, until it 
intersects f gin 1, and 1k in p; find by trial a radius such that 
arcs can be struck from / to g, and from # to r, and be tangent 
to de; the centers for these arcs must lie at a point half way 
between the parallel lines vg and gl and kp and sr. Draw 
curves for the head of the bolt in the same manner. 

The corners b c’, Fig. 31, are drawn as being parts of a conical 
surface, the side of which forms an angle of 45° with its axis. 
Lines ga’ and rv’ are then drawn tangent to the curves g/ and rp. 
Where it is the purpose of representing a nut or head in a con- 
ventional manner, it is a saving of time to omit these additional 
lines. A side view of the nut, across flats, is shown in Fig. 31 
as a matter of information, but it is not to be put on the plate. 


69. Figs. 11 and 12 show the conventional method of 
representing a square-head bolt and nut, and the bolt is shown 
in perspective in Fig. 30 (b). Their curves are constructed in 
much the same manner as those of the hexagon-head bolt, except 
that they are drawn with a radius twice the thickness of the bolt. 
Dimensions correspond to those given in Fig. 9, except the 
length of the bolt, which is 6 inches; the width of the head is 
13 inches across flats. 

Complete information as to the construction of standard 
bolt heads, nuts, screw heads, etc. is given in Fig. 32. Any 
dimensions not given in the instructions referring to Plate 1003 
will be found on the plate or in Table I. 
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70. Fig. 13 is a hexagon-head capscrew, shown in per- 
spective in Fig. 30 (c). The head of the capscrew is smaller 
than a corresponding hexagon-head bolt, being 14 inches across 
flats. The dimensions given will be followed, and are standard 
dimensions for a bolt of this size. The curve of the head is 
drawn by taking radius 2 times diameter of the bolt. 

Fig. 14 represents a 43-inch 13-thread setscrew, 1g inches long. 
Head is 4 inch across flats, and the two curves on it are struck 
with a radius equal to twice the diameter of the screw. Draw 
the curves at the neck of the screw with a radius of inch. The 
information needed for drawing the lower end is given in Fig. 32. 

The form of setscrew shown in Fig. 14 is the one most in use. 
Some other forms are represented in Fig. 33; that in (a) is called 


\ DCCKHMHRH 
(w) () n6.33 ©O (d) 


a cone-point setscrew, in (b) a cupped setscrew, in (c) a round, 
pivot-point setscrew, and in (d) a headless, cone-point setscrew. 
When the diameter of a screw is small and the number of 
threads per inch great no attempt should be made to draw in 
the actual number of threads. In such cases they should be 
drawn so as to make a good appearance. ‘ 


71. Fig. 15 represents a round-head, 14-24 machine screw, 
1} inches long; 14 is the gauge of the body of the screw; 24 gives 
the number of threads per inch. The screw is drawn by draw- 
ing a center line and laying off the parts as shown. No. 14 
gauge practically corresponds to +} inch, and measurements 
may be made with this as a basis; thickness of the head is 
ie inch; width of head is 7% inch. 

The outline of the head should be a compound curve, but 
on account of the small size of the view it is difficult to show it 
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in this form; it will suffice if in its place a circular are is drawn 
with a radius of zs inch. Figs. 15, 17, and 22 are illustrated 
in Fig. 34. 


72. Fig. 16 is a fillister-head machine screw of the same 
dimensions as that shown in Fig. 15. The head is ;4 inch 
thick below the round top and 2 inch in diameter. The radius 
of the round top is equal to the diameter of head. 


73. Fig. 17 is a machine screw with length and diameter 
corresponding to those in Figs. 15 and 16, except that it has a 
flat head; thickness of 
head is # inch; diame- 
ter of head, 33 inch. 

It will be noticed that 
the dimensions for 
length of screws are 
given under the head in 
Figs. 15 and 16, and in- 
cluding head in Fig. 17. 


is 
A, 


—_ 


74. -Fig. 18 repre- 
sents a cotter pin 1 inch 
long and } inch in di- 
ameter. This pin is split and is put through the ends of bolts 
or studs to prevent nuts or washers working off. Make the 
eye % inch in diameter. 


> eee 


75. Figs. 19 and 20 are conventional methods of repre- 
senting round-head and flat-head wood screws. Dimensions 
previously given apply to these screws, except the gauge of 
body is No. 12, which approximately corresponds to 3% inch. 
Diameters of heads of Figs. 19 and 20 are approximately 
7s inch and 2? inch, respectively. Make the straight parts 
of the screws 3 inch long, and the rounded points 7¢ inch 


thick. 


76. Fig. 21 shows a 2-inch eyebolt, 45 threads to the inch, 
with a 3-inch hole in the eye and corresponding dimensions 
outside. 


46 ' MECHANICAL DRAWING $id 


This detail is illustrated in perspective in Fig. 34, and Fig, 35 
shows the construction of the curved portion where the bolt 
proper joins the eye. 


77. Fig. 22 is the representation of a 4-inch lagscrew, 
5 inches long. It is shown in perspective in Fig. 34. Lag- 
screws have square heads. The head is § inch across flats 
and the curve is drawn with a radius of } inch. The body of 


the bolt is drawn similar to Fig. 19. 


78. Figs. 23 and 24 give conventional methods of rep- 
resenting keys drawn to one-half size or to a scale of 6 inches 
=1 foot; rEney are plainly dimensioned and will need no detailed 
description of method of drawing them. 
These figures also indicate a convention 
quite frequently employed to show a sec- 
tion in a view itself instead of drawing 
a separat> sectional view. The little 
squares indicate the depth of the keys 
and the shape of a cross-section. 


79. Parts represented in Figs. 9 to 24 
are standard parts, which are seldom, if 
ever, drawn on detailed drawings. They 
are, however, included in the list of ma- 
terials, and they are frequently shown in 
assembly drawings, in which case they will be drawn as repre- 
sented, and with the principal dimensions only, if any, given. 

Additional information on the construction of standard nuts 
and bolts, machine and wood screws, together with the stand- 
ard gauges for Morse drills, and steam, gas, and water pipes 
are found in the following Useful Tables. 
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USEFUL TABLES 
80. Forms of Bolt Heads, Nuts, and Screw Heads. 
The information required fer the construction of the standard 
forms of bolt heads, nuts, and the principal screw heads is given 
in Fig. 32. The several dimensions are indicated by capital let- 
ters in the diagrams and the relations between these dimensions 
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TABLE I 
DIMENSIONS OF STANDARD-FINISHED BOLTS, NUTS, 


SET, AND CAP SCREWS 
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TABLE I 


STANDARD MACHINE AND WOOD SCREWS 


ee eee Threads ies rae ik Diameter 
No. Inches Inch | Round Filister | Pat Head 
Head Head 
foyer) 0315 
00 .0447 
fe) .0578 
I LOFLO 
2 .0842 64 .1544 Ree) .1631 
2 .09073 48 G6) -1545 .1894 
4 » 1105 36 2028 .1747 2158 
5 B20 22 ae 2S .1985 «2420 
6 .1308 32 .2510 petits .2084 
| .1500 Be eases «2392 .2047 
8 2627 2 2936 2600 “3210 
9 nL Og B2 3238 .2805 -3474 
10 1894 32 - 3480 +3935 - 3737 
II 2020 24 
TZ S2Ub.O 24 a2 2 lens 445 ,4263 
13 .2289 22 
14 poten 20 -4364 . 3885 -4790 
15 POG 2 20 
16 .2084 18 . 4866 .4300 .5 316 
17, .2816 18 
18 .2047 18 .5248 .4710 5842 
19 ROTO) 18 
20 .3210 16 .5690 .5200 .6308 
21 *3842 
22 -3474 16 .6106 -5557 .6894 
23 3605 
24 23737 16 ,0522 .6005 .7420 


$14 MECHANICAL DRAWING 49 
TABLE III 
MORSE TWIST-DRILL AND STEEL-WIRE GAUGE 
Gauge | Diameter Gauge | Diameter Gauge | Diameter 
No. Inch No. Inch No. Inch 
I . 2280 Sie 1230 65 .0350 
a 2200 34 Fae an ie) 66 .0330 
3 JFUO 35 Pe eii(are) 67 0820 
4 . 2090 36 . 1065 68 .O310 
5 »2055 ou . 1040 69 .02925 
6 . 2040 38 OTIS 70 .0280 
7 .2010 39 .0995 er .0260 
8 .1990 40 .0980 We 0250 
9 . 1960 41 .0960 73 0240 
10 1935 42 .0935 74 0225 
II SOLO 43 .0890 75 ©0210 
12 . 1890 44 .0860 76 0200 
13 .1850 45 .0820 77 o18o 
14 .1820 46 0810 78 o160 
15° . 1800 44 .0785 79 O145 
16 auy 12 48 .0760 80 0135 
17 2730 49 nOZO 
18 » 1695 5° .0700 
19 . 1660 51 .0670 
20 1610 2 .0635 
aI ~1590 Do “2595 
22 RTO 54 .0550 
23 .1540 55 .0520 
24 .1520 56 £04605 
25 .1495 5 .0430 
26 .1470 538 .0420 
27 .1440 59 .O410 
28 1405 60 .0400 
29 .1360 61 .0390 
30 .1285 62 .0380 
31 . 1200 63 1037.0 
32 SHTOO 64 .0360 
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are stated either below each separate diagram or below each 
series of diagrams. It is seen that these dimensions are all 
based on the diameters of the bolts or screws. 


81. In order to avoid the calculations required to use these 
diagrams, the standard dimensions of bolt heads, nuts, and 
screw heads have been given in Table I, for the sizes mostly 
in use. Dimensions, corresponding with those indicated by 
capital letters in the diagrams, are found in the table in columns 
headed by similar letters. For instance: It is required to 
‘find the height of a hexagon head for a bolt 1 inch in diameter. 
In the diagram of a hexagon head the letter F represents its 
height. To find its numerical value from the table, look along 
the column A until the diameter 1 is 
found; then in a horizontal direc- 
tion to the column F, where the 
value +2 is found, which is the di- - 
mension required. 


82. Small standard machine or 
wood screws are indicated by gauge 
numbers instead of by diameters. 
Table II gives the gauge numbers 
and the corresponding diameters 
of the sizes mostly used. To draw 
a screw of a certain gauge, find 
its diameter in the table, and lay 
out the head according to the instructions given with the 
diagrams in Fig. 32. 
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83. Diameters of Small Holes.—The sizes of small 
holes are generally indicated by the gauge number of the drills 
used in drilling them instead of by their diameters. Table III 
gives the gauge numbers and corresponding diameters of the 
Morse twist drills. The table will also serve to indicate sizes 
represented by the gauge numbers of ordinary steel wire. 


84. Pipe Threads.—The pitches and depths of the screw 
threads on pipes cannot be made according to the rules applying 


52 MECHANICAL DRAWING $14 


to ordinary screw threads, as in that case the depth of the thread 
would be greater than the thickness of the pipe. 

Table IV gives the standard dimensions of pipe threads. 
By means of the data given under the head of Total Length of 
Thread and Length of Perfect Thread, it is possible to deter- 
mine the length of the part containing imperfect threads. It 
should be noted that the number of the latter is a constant for 
all diameters; that is, according to the standard adopted, there 
should always be six imperfect threads, two of which are imper- 
fect only at top, and four both at top and bottom. The number 
of perfect threads will vary ac- 
cording to the diameter of the 
pipe or nipple. 

The meaning of perfect and 
imperfect threads will be made 
clear by referring to Fig. 36, in 
which the part marked a rep- 
resents the perfect threads, 
while the portion marked 6} 
shows the impertect threads. 


PLATE 1004, TITLE: 
HELICAL FORMS 


85. Plate 1004 is intended 
to give practice in drawing 
helical curves. In the previous 
plates, screw threads have 
been represented by straight 
lines; and this conventional plan is followed whenever possible 
to save time. When, however, the dimensions of a threaded 
piece are large, especially when the lead of the thread is steep 
and the scale used is large, the true projection of the screw 
thread is often drawn; this the draftsman should do by the 
quickest method possible. The necessary directions are here 
given for each of the three parts represented on this plate. 

To assist the beginner in forming a clear idea of the parts 
represented by the drawings, shaded views of the objects are 
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shown in Figs. 37, 38, and 39. Attention is par- 
ticularly called to the method of drawing the adjust- 
ing screw, 2, it being broken at two points, in order 
to permit it to be drawn within the limits of the 
plate. 


86. Draw border lines and lines for the title as 
shown, allowing space above the title for the mate- 
rial list of the three parts that are to be described 
and drawn. All the parts shown on this plate are to 
be drawn full size. 

Part 1, shown in perspective in Fig. 37, is a 
single-thread worm with a 14-inch hole through it; 
its over-all length is 6} inches; the hub diameter is 

2 inches, which is also the diameter of the worm at 
the bottom of the thread. The length of the 
threaded portion is 34% inches, the hub extending 
beyond the thread 1 inch at one end and 1,3; inches 
at the other end. The worm has a diameter of 
4 inches over the outside of the threads. 

The method of drawing the worm is described in 
connection with the illustration, Fig. 40. Draw a 
center line mn, 34 inches from the left-hand border 
line. Parallel to this line draw two other lines p q 
and 7s, each 23~-2=1,5 inches from it; these lines 
determine the bottom of the thread, and also the 
diameter of the hub. Then draw two lines tu and 
vw parallel to the center line, and 4+2=2 inches 
from it; they determine the top of the thread. 

Locate two points a and a’ on the center line 

+ inches apart, a being 12 inches from the lower 
border line. Through both of these points draw with 
the T square a perpendicular to the center line, thus 
defining the length of the hub. Locate two other 
points b’ and 6b on the center line, one 14° inches be- 
low a’ and the other | inch abovea. Through these 
points draw perpendiculars to m n; these lines are to 
limit the length of the threaded portion of the worm. 
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87. Now proceed to construct the thread. This will neces- 
sitate a number of construction lines being drawn that are not 
to appear on the final tracing; they are made on the pencil 
drawing only. The pitch, that is, the distance between the top 
of one turn of the thread and the corresponding point on the 
next turn, is 14 inches, and since the length of the threaded 
portion of the worm is 31% inches, there will be 31%+14=3} 
turns of the thread; hence, the number of equal spaces repre- 
senting the tops and bottoms of the thread is 33 X2=7; there- 
fore, divide the line bb’ into seven equal parts bJ, J IJ, etc. 
The thread itself is to have approximately the shape of a 
V thread, except that instead of making the angle x 60°, this 
angle is determined from the pitch of the thread and the amount 
of flattening at the top and bottom. 
On the plate, the dimensions show that 
the flattening at the top, and also at 
the bottom, is 2? inch; that is, de 
and fg, Fig. 40, are each equal to 
3% inch. Hence, on each side of the 
division points..6, 7, 77, Ti, ete. just 
obtained, lay off 3+2= 7% inch, and 
draw cc’, dds ee, ff £2 ¢. te, pear- 
pendicular to mn, which, intersecting 
with the lines tu, pq, rs,andvw, locate 
the points defining the tops and bottoms of the thread. Draw 
the straight lines cd, e f, etc., and c’d’, e’ f’, etc., as shown. 
Note herewith that the top of the thread on one side corresponds 
to the bottom of the thread on the other side of the center line. 


88. To construct the curves defining the helixes, locate 
some point o on the center line (this point on the plate will be 
at a distance of 23 inches from the upper border line), and with 
o as a center, draw two semicircles whose diameters are equal 
to the top and the bottom diameters of the threads; that is, 
4 inches and 2? inches, respectively. These semicircles con- 
stitute part of the plan view to be drawn on the plate. Divide 
the semicircles into any convenient number of equal parts. 
This is done by first dividing the exterior semicircle into the 
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required number of parts, as 0, 1, 2, 3, 4, 5, and 6, then drawing 
radii to each point from o; this divides the interior semicircle 
into the same number of equal parts at the points 0’, 1’, 2’, 
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3’, 4', 5’, and 6’. The division of the circles is most quickly 
effected by the use of the 60° triangle. If, as in this particular 
case, six divisions are chosen for reasons now to be explained, 
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the pitch must be divided into twice the number of equal parts 
that the semicircles have been divided into, that is, into 12 parts, 
in order to also delineate the rear part of the thread. As the 
pitch is 14 inches = +5 inches, these divisions are +$+ 12 = 34 inch 
apart... Thelineswc, dd, ¢e, /)', ete., arelwither fe mcnar 
3 inch apart, and those that are 3 inch apart already have the 
distance between them halved by the points J, IJ, I/J, etc.; 
hence, these divisions can be utilized at once, and it is only 
necessary to halve them again to get the required 12 divisions. 
Draw perpendiculars to m ” through the division points. From 
points 7, 2, 3, 4,6, and 7’, 2’, 3", 4’, 6’, of the semicircles, draw 
lines to intersect the aforesaid perpendiculars. The inter- 
sections are points of 
the helixes, those made 
with lines 1-1, 2-2, 3-3, 
4-4, 6-5 belonging to 
the top of the thread, 


ee 
———— Se ee aoa 
2 SS SSE 7 5'-5' belonging to the 

ate SiS Sa = bottem of the thread, 

Sa SSS SSS SS % 
8, = ——— as shown more plainly 
= —— in Fig. 41. Through 
ee Se ae 


een ee === the points that have 
thus been located, draw 
a curve, as shown, using for this purpose the irregular curve. 
The outlines of the thread will then appear as shown in Fig. 41, 
which represents the upper part of the worm, with the construc- 
tion lines and the complete front part of a thread drawn in. 

It will be noticed that the part of the curves between the 
points 2 and 4, and 2’ and 4’, respectively, is very flat; it is so 
nearly a straight line that it may be so considered and drawn, 
and the irregular curve will have to be used only to draw the 
parts 0-1-2, 0’-1'-2’, 4-5-6, and 4’—5’ of the helix. It will 
also be noted that the part of the curve marked 4’-6’ in Fig. 40 
does not appear in the finished curve in Fig. 41. It becomes 
hidden by the under surface, which is bounded by a curved 
line continuing from 5’ to point 7. It will be well to draw the 
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straight portions of the helixes first and, since these are parallel, 
they may be drawn by the use of two triangles, as described 
in Geometrical Drawing, Part 1, and then the curved portions 
may be joined on. 


89. The part of the thread shown in Fig. 41 having been 
drawn, the remainder may be completed in the same manner. 
When a comparatively long screw is to be drawn, requiring the 
curves to be duplicated many times, a method of saving time 
and of securing uniformity in the appearance of the curves is 
first to iay out the curves for one complete turn of the thread, 
then to cut a curve, of the same shape as those already drawn, 
out of bristol board or cardboard and use it as a templet. 

To complete the elevation as shown on the plate, draw two 
lines parallel to the center line and 14+2=3 inch from it; 
these lines will be dotted and determine the location of the hole 
through the hub. 


90. The top view of the worm is shown above the figure 
just constructed, and consists mainly of circles, the center one 
showing the hole, the next one the diameter of the hub, and the 
outer one the outside diameter of the screw. This view is 
located with its center on the extended center line of the lower 
view, with the center of the concentric circles 25 inches below 
the upper border line. When the thread is cut in the lathe, it 
runs out on both ends, naturally, into thin edges, as shown in 
Fig. 37, which are afterwards rounded off more bluntly. This 
is shown conventionally by the curves in the plan and elevation; 
see k k’, Fig. 40. 

A keyway 73; inch deep and 3 inch wide is cut through the 
central part of the worm in order to keep it from turning on the 
shaft on which it will be placed. This keyway is plainly shown 
in the plan, and is indicated in the elevation by dotted lines. 


91. Part 2 on Plate 1004 is a triple-thread adjusting screw 
with a tapered hexagonal head, as shown in perspective in 
Fig. 38, and is to be drawn full size. It is also to be shown 
broken at two points, since if shown in its full length, a smaller 
scale would be necessary. 
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Draw a center line parallel to and 9 inches from the left-hand 
border line. The method of constructing the screw is shown 
in Fig. 42 and is the same as that shown in connection with the 
worm, except that the thread is square instead of V-shaped. 
The lead or distance between corresponding points of the same 
thread is 12 inches; the depth of the thread is 7 inch, and the 


width of the thread at the base is 7 inch. Three separate 
curves are constructed, 


there being three sepa- 


| the adjusting screw, the 
of of = 6 \e rounded top portion not 
being considered in di- 
mensioning. Locate the 
point o on the center line, 
Fig. 43, 3 inches below 
the upper border line, 
and draw through it a 
perpendicular ag. At a distance of 43 inches below this line, 
draw another line bh. Above and below these lines, which 
mark the small and the large ends of the hexagonal head, locate 
at convenient distances the horizontal center lines « y and x’ y’. 
By the aid of the 60° triangle construct the two regular hexa- 
gons dimensioned, respectively, 13 inches and 23 inches across 
flats. From the hexagon representing the small end of the 
tapered head, project the points a,c, e, and g, and from the 


rate threads. A templet 

can be made as before, 

E after one of the threads 

= = has been fully con- 
——s =e structed. 

' = = zZ In order properly to 

No = 5 As construct the tapered 

ue GS : 4 hexagonal head, it should 

rar te be noticed (see Plate 

eee | 1004) that the dimension 

| : | given is 1} inches across 

| | oes A | flats ati a point 2 anem 

/ eh | below the upper end of 
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hexagon representing the large end project the points 8, d, f, 
and h. Draw lines connecting the points ab, cd, ef, and gh. 
Atter these lines have been obtained and the curved edge lines 
at both ends have been drawn, 
the true shape of the head has 
been constructed. In order to 
have it come within the space 
given for it on the drawing 
plate, it will now be necessary 
to raise the lower part of the 
head. This is done by break- 
ing, that is, removing, a part 
of the head and indicating the 
break by two freehand lines. 
In raising the lower part, place 
the line b’h’ 22 inches from 
line a g and draw in the edge 
lines for the lower portion of 
the head, as shown in Fig. 48. 
The line a’b’ is drawn parallel 
with ab, c’d’ is drawn par- 
allel to cd, e’ f’ with ef, and 
g’ h’' with gh. The other di- 
mensions necessary for com- 
pleting the drawing of the 
adjusting screw are found on 
the plate. 


92. Part 3 on Plate 1004 
is a helical spring, drawn full 
size. This is also shown in 
perspective in Fig. 39. The 
spring is made of 3-inch square 
steel wound around a 2-inch 
mandrel in such a manner that 
4-inch space remains between 
the turns for the play of the spring. The curves formed by the 
edges of the twisted steel bar are helixes, as in a screw thread, 
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and have a pitch equal to the width of the bar plus the clear- 
ance, or }+1=3 inch. The vertical center line of this detail 
should be located 3 inches from the right-hand border line and 
the horizontal center line of the bottom view, 43 inches above the 
lower border line. To draw the spring, proceed in a manner 
similar to that employed in drawing the worm, laying out, Fig. 44, 

the top and bottom lines, 


Real a’ 6° gh,kl, o>, etc., of the coil, 
a= : the distance h1 being 4 inch, 
ai oe Se lp being + inch, pr being 3 


inch, etc., and then construct- 
ing the helixes. The latter are 
very flat, and it will be suffi- 
cient to determine just one 
ops = eee - point of the curves on each 
side near the extreme right 
and left, the rest being indi- 
cated by straight lines. To 
determine these points, draw 
in the plan, by use of a 30° tri- 
angle, two radii oa and ob, as 
in Fig. 44; then, parallel with 
mn, from the points of inter- 
section of the radii with the 
circles draw parallels aa’, cc’, 
dd',and bb’. Since the angles 
aos and bos’ are 30° =-88;=75 


3860 12 

of a circle, the pitch would be 

- divided into ‘12 equal parts, 
ate de were the helixes drawn exactly 


correct. Hence, on each side 
of the top and bottom lines of the coil lay off points e’, e”’, f’, f”, 
etc., the distances e e’, e e’’, etc., being 7; of the pitch, or in this 
case, $+12= inch. Draw the curves e’ ge”, f’ g’ f’’, etc. free- 
hand, making them look uniform in outline. Do the same on 
the right-hand extremities of the helixes and connect the proper 
curves by straight lines, as shown. All the coils should be 
drawn in exactly the same manner. 
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93. When sending in the tracing of Plate 1004 for correc- 
tion, the pencil drawing showing the helical constructions 
should be enclosed with the tracing. 


PLATE 1005, TITLE: HAND WHEEL AND PULLEY 


94. The objects to be drawn on Plate 1005 are illustrated 
in perspective in Figs. 45 and 46; on the drawing plate each 
object is represented by a plan and a sectional view. The rela- 
tive sizes of the views of the hand wheel, Part 1, and the pulley, 
Part 2, should be noted. According to the dimensions given 
on the plate, the pulley is much larger than the wheel, but it 
appears smaller in the drawing, being drawn one-fourth size, 
or toa scale of 3 inches=1 foot, while the 
hand wheel is drawn full size. 

It will be noted that, on account of 
the reduced scale to which the pulley was 
drawn, it was necessary to show full size 
a section on GH of the rim of the 
pulley, a method that is often used 
when, in-cases like this, only a small 
part of the object requires a large scale. 

A section or enlarged portion of this sort is usually placed 
as near as possible to the main view of the same part and is 
properly marked. 

It will also be noticed that a third part, called for in the list 
of materials, is not shown on the drawing; this is a setscrew 
5 inch in diameter, 11 threads to the inch, a common and com- 
mercial article that is fully understood from the description 
given, thus: 3’-11 setscrew }" long for Part 2. 

Finish marks are also used to a greater extent on this plate 
than on previous ones; some surfaces are to be finished while 
others are not. The main part of the rim of the hand wheel 
should be finished for the sake of appearance as well as for 
easier handling. On the inside of the rim, which is not so 
much visible, and where finishing would be difficult, it has 
been omitted. The ends of the hub have been finished for 
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alinement, as also have the four sides of the hole in order that 
it may fit better on the shaft. The hub of the pulley has been 
finished on the ends, for the same reason as the hub of the hand 
wheel. The hole in the pulley is bored to a certain dimension, 
therefore no finish has been marked. The circumference of the 
rim is finished to give a true surface for the belt, and the sides 
of the rim are also finished for the sake of appearance. 

Another feature of this plate is the method of showing the 
forms of the arms of the hand wheel and pulley by sections on 
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the plans; it will be noted that the exact forms of these arms 
cannot be found from the two main views without these sections. 
Such sections are usually located on center lines marking the 
exact point where the section is taken. On the plan (top view) 
of Parts 1 and 2, cross-sections of the arms are shown at points 
near the hub and the rim in the hand wheel and midway between 
the hub and the rim in the pulley; these sections show that the 
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arms are oval in shape, the thicknesses being given in the lower 
views— inch in the hand wheel and $ inch in the pulley. 


P 


95. To draw the plate proceed as follows: Beginning with 
Part 1, draw a horizontal center line mn, Fig. 47, 5 inches 
from the upper border line, and a vertical center line pq, 
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44 inches from the left-hand border line. With the point o 
of the intersection of these two center lines as a center, draw 
a circle 1 inches in diameter, showing the end view of the hub, 
next draw a circle 12 inches in diameter; this indicates the 
enlarged portion of the hub where the arms join it. Next 
draw a square with 3-inch sides, whose center corresponds 
with the center of the hub; this indicates the end view of the 
hole that is put through the hub. Draw the external outline 
of the hand wheel, which is a circle 7} inches in diameter, and 
then the internal outline, a circle 54 inches in diameter. Then 
draw the arms, which are made up of circular arcs whose cen- 
ters are located by giving their distances from the center lines. 
Leave the plan for the present and proceed to draw the lower 
view, which is a section taken on the center line m n. 

The lower view is what is called a conventional section, and 
the sectioning indicates that the material is cast iron; this is 
verified by reference to the bill of materials. The rim is cut 
on the horizontal center line, and so is the square hole in the 
hub, but the hub itself is represented as being cut on a line 
passing between and free of the arms. This is done to avoid 
drawing the curves that would result in cutting the arms by a 
true central section, which would entail useless labor. More- 
over, the conventional section allows the round outline of the 
hub to be shown at its enlarged central portion between the 
arms. 

Draw a horizontal center line 7 s, Fig. 47, 22 inches from the 
bottom border line. On this center line lay off to the right 
and left of the point of intersection ¢ with the vertical center 
line pq (74 +2) —(1’’+2) =3% inches, locating the centers of 
the circles representing the sections of the rim. Draw hori- 
zontal lines tangent to the 1-inch circles; lay off from the upper 
line 1{ inches downwards, the length of the hub, and draw 
the bottom line of the hub. From the upper view or plan carry 
down vertical projection lines representing the square hole; 
also draw similar lines tangent to the circles representing the 
hub. Next lay off 3’’+2= 3; inch each side of the center line 7 s, 
and draw the horizontal lines, indicating the thickness of the 
arms. 
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96. Round Corners and Fillets.—The curves repre- 
senting the enlarged portion of hub in the lower figure, and the 
various small circular arcs rounding off the corners will now 
be drawn by using the radii given on the plate. Sharp corners 
are always avoided in machinery, especially in castings, unless 
called for by special reasons. Corners are, therefore, rounded 
off. In the case of concave corners the patternmaker often 
resorts to the use of some plastic material, such as putty, strips 
of leather, or even lead to fill in the corner so as to round it. 
From this practice the rounding out of a concave corner is 
called a fillet, and this term has come to be applied to the little 
circular arc used by the draftsman to represent it. 


97. Next draw the rounded outlines of the enlarged por- 
tion of the hub. Lines drawn tangent from the circles repre- 
senting the hub in the plan have already been projected to the 
sectional elevation, and the rounded edges and fillets are now 
tobe drawn. The radius for the rounded outline of the enlarged 
portion of the hub has not been given and should be determined 
by trial; the centers will be located at some point on the center 
hae s 

Lastly, draw the cross-sections of the arms in the upper 
figure. As has been stated, the arms are elliptical or oval in 
section. They are so, however, only the greater part of their 
length; at their ends they are smoothly joined to the rim and 
the hub respectively, the ovals thus gradually flaring out to 
run over into the surfaces of the rim and hub. This joining 
need not be shown further than indicated by the fillets; the 
patternmaker will know how to proceed. The cross-sections 
are taken in the portion of the arm where they are sure to be 
truly oval. 

The section in the lower part of the figure is taken on a 
line cd (see Fig. 47) passing through the centers o’ and o”’ of 
both arcs outlining the shape of the arms. The cutting plane 
is thus perpendicular to both these curved outlines. The other 
section in the upper part of the figure near the hub is taken 
1 inch from the hub (where it is sure to be truly oval). This 
section cannot be perpendicular to both outlining circles, as 
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the cutting-plane line cannot be made to pass through both 
centers. Therefore, a cutting plane ab is chosen midway 
between a plane o’ « passing through center o’ and a plane o”’ y 
passing through the center 0”. 

When drawing ovals of such small size it is not necessary, 
or in many cases possible, to construct them by the methods 
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given in Geometrical Drawing. With the four points, marking 
the length and the width of an oval, given, the elliptical curve 
can easily be drawn by means of the bow-pen and the irregular- 
curve ruler. 

It will be noticed that for some circles the radii are given, 
and for others the diameter. No general rule can be given to 
govern this practice and the draftsman should learn to consider 
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himself in the position of the patternmaker and the machinist 
and give all dimensions in such a manner as best to serve each 
of them. It may be assumed for first guidance that the pattern- 
~ maker uses the radius more than the diameter, and that the 
machinist uses the calipers to determine the diameters oftener 
than the radi. 


98. Part 2 is very similar in shape to Part 1, except that 
it is much larger, that the rim is flat—because it is intended to 
carry a driving belt—and that the arms are straight. Being 
much like the hand wheel otherwise, the pulley is drawn in 
much the same manner. The scale used is 3 inches=1 foot. 
(See Art. 6.) 

Locate the horizontal center lines mn and rs (see Fig. 48) 
32 inches and 7} inches, respectively, from the upper border 
line, and locate the vertical center line p g 42 inches from the 
right-hand border line. With o as a center, draw circles rep- 
resenting the outside and inside of the rim and the hub. The 
outside of the rim will be represented by two circles, an outer 
one 20 inches in diameter giving the outline of rim at the center, 
and an inner one with a radius ¢ inch smaller giving the outline 
at the edge. The rim is made higher in the center for the pur- 
pose of keeping the belt from slipping off. The amount of rise 
in the center, that is, the difference between the radius at the 
edge and that at the middle, or, what is the same thing, the dif- 
ference between the thickness of the rim at those two points 
is called the crown of the rim, which is seen from the small 
section at the right-hand lower corncr of the plate to be #5’ — 75”’ 
=tinch. The inside of the rim is perfectly straight and appears 
therefore in the plan as a single circle drawn with a radius 
;’s5 inch smaller than that of the outermost circle. The outside 
of the hub is also represented by two circles, 3 inches and 
31 inches in diameter, respectively. The diameter of the bore 
is 12 inches; this is not indicated in the same manner as 
the diameter of the hub; that is, by means of a dimension 
line with arrowheads at both ends. The word bore indi- 
cates that the pattern provides for a hole much smaller, so 
that it can be bored out for any size of shaft within certain 
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reasonable limits. The dimension given is for the benefit of 
the machinist. 

Now draw the arms. Lay out the center lines ab, a’ b’ of 
the four arms not horizontal, by means of the 60° triangle. 
They are tapered, and the small end of each at the rim is 

3 inches across on a tangent to the inside circle of the rim; 
the large end is 2 inches across at a point 23 inches from the 
center. By these dimensions the taper of the arms is estab- 
lished. Hence, draw a perpendicular to the center line of an 
arm, tangent to the inside circle of the rim, and lay off on it 
points c and d 12”+2=H inch from the center line on each 
side. Draw another perpendicular 22 inches from the center 
and lay off on it points e and f 1 inch from the center line. Draw 
the lines ce.andd/f. The limiting lines of the arms are joined 
at the inner ends by circles of #-inch radius, lines of adjacent 
arms being tangent to them. The outer ends of the arms are 
joined to the rim by fillets of 34-inch radius. Draw in all 
these fillets. Draw the oval section of the arm at h1, Fig. 48, 
midway between center of pulley and rim. 

Next draw the lower figure, a sectional elevation, by pro- 
jecting from the plan the various diameters of rim, hub, and 
hole, and then laying out the width of the rim, the length of 
the hub, and the thickness of arms, exactly as was done in the 
case of the hand wheel. 

Note again that only the hub and rim are shown in cross- 
section on lower view, as it is common practice not to show 
the arms or any part of them in cross-section, even though a 
cutting plane be passed through them. 

The circles k, k indicate the positions of the two 32-inch set- 
screws mentioned in the bill of materials, which fasten the 
pulley to the shaft. The full circles indicating these holes are 
surrounded by circles in dotted lines, this being the conven- 
tional method to indicate that the holes are tapped. 

There should be no difficulty in drawing the large detail 
section G H of the rim. 

When finishing the title and bill of materials, note that 
Part 3 is called for, but is not shown on the drawing, it being 
a standard piece. 


| 

i 

H 

13 M j j | 


Copyright, 1904, b 
en ee aOR EES g8al ee TNS GILT 4, A Entered 


6 holes, egually spaced 
Sor! turned bolts. 


(7 [Bearing _| #\land bab Pattern C 
6 |/"Hrextid bolt |_| eee 
| 34 ong withnut | 3 Wladinestec/| |_| 
Coupling (fernale)| 2 | Cast tron _\Pattern |B | 
| / |\Coupling (male) _\/ \Cast iron \battern|A | 


207 ne AB 


iXTBOOK COMPANY Name, Crass Letters, anD NUMBER 
London 


| 


§ 14 MECHANICAL DRAWING 69 


99. Part 1 requires a pattern to be made. This fact is 
indicated in the bill of materials by the word Pattern, and being 
the first on the list it is marked A. The pattern itself is desig- 
nated by the number of the drawing and the letter given it, 
hence it is marked 1005—A. 

Part 2 can be cast from another pattern made from specifica- 
tions furnished on a drawing numbered 999 and marked Pat- 
tern E in the bill of materials. Therefore, in the space left 
for the word “‘pattern”’ in the bill of materials and on the same 
line as the piece referred to, insert 999-E, thus indicating that 
a new pattern is not required. 


PLATE 1006, TITLE: COUPLING AND BEARING 


100. The upper figure of Plate 1006 shows an elevation and 
end view of a flange coupling used to connect two lengths of 
shafting. For example, suppose that in a shop or factory there 
are many machines to be driven from an engine. A belt is car- 
ried from the driving pulley of the engine to a pulley on a shaft 
overhead, which in turn is supported in bearings. This shaft 
is strung along the whole length of the shop over all the machines 
to be driven, and pulleys are carried on it from which belts 
transmit motion to the various machines. It is evident that 
such a long shaft cannot be made ina single piece and, therefore, 
it is put up in certain lengths that are connected by couplings. 
Such a coupling invariably consists of three principal parts, 
one that is securely fastened to the end of one shaft, a second 
that is similarly fastened to the end of the other shaft to be con- 
nected to the first, and a third part consisting of means to firmly 
fasten the first two parts together. Fig. 49 shows in perspective 
the abutting surfaces of such a coupling, and Fig. 50 shows the 
coupling joined together. 

In the flange coupling drawn on Plate 1006 the three prin- 
cipal parts are the flange numbered 1, the flange numbered 2, 
and the bolts, of which there are six, numbered 3. The flanges 
are fastened to the shafts by keys, which prevent them turning 
thereon, and the bolts in turn fasten the two flanges together, 
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so that the whole structure becomes a solid piece. The coup- 
ling is intended for two 24-inch shafts, and both flanges are, 
therefore, bored out to that size. The lower part of the eleva- 
tion shows the coupling in longitudinal section with a bolt in 
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position. The upper part shows the external view of the 
coupling, the dotted vertical lines indicating the position of 
the raised boss on Part 1 which fits into the recess in Part 2, 
recess and boss insuring true alinement when the two parts 
which have been previously 
keyed to the shaft are bolted 
together. 

The two parts of the coup- 
ling are first bored and then 
faced up on the abutting sur- 
faces; the bolt holes are then 
drilled, the two parts are 
bolted together, and the key- 
way is cut. In the end view 
it will be noticed that but one 
bolt is shown, and the center 
lines only for the other five, 
a note being added stating that there are six holes for 1- 
inch bolts equally spaced. This is common practice on a 
working drawing, repeated parts being indicated only and not 
drawn in full. 
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101. To draw the plate, begin by drawing the center lines. 
A horizontal center line mn, Fig. 51, 3} inches (full size) from 
the upper border line across the whole sheet, serves for both 
the left-hand and right-hand views; a vertical center line p q, 
4! inches from the left-hand border line, represents the joint of 
the two halves of the coupling; and a third center line rs is 
drawn vertically 52 inches from the right-hand border line for 
the right-hand figure, or end view. The scale to be used is 
6 inches = | foot. 

Draw the end view first. With o as a center and a radius 
equal to 24/’+2=1} inches, describe a circle representing the 
bore for the shaft. Next draw in the keyway, 3? inch wide and 
1 inch deep. Two circles described from the same center and 
having radii of 5’’+2=23 inches and 103’’+2=52 inches, rep- 
resent the side view of the hub and the outside of the flanges, 
respectively. By reference to the lower half of the elevation, 
it will be seen that the flanges are recessed, leaving a rim of 
only 3 inch in thickness. Hence, with a radius of 53/’—3}” 
=5 inches and a center o, draw a circle concentric with the out- 
side circle, to represent the inside edge of the rim. By means 
of the 60° triangle draw the remaining center lines a b, a’ b’ of 
the bolt holes and intersect them by circular arcs having a 
radius of 82 inches. Show the bolt holes in the lower half of the 
view by drawing circles 1 inch in diameter. Draw the end 
view of a nut on the middle one of the lower three bolt holes, 
according to directions given in connection with Plate 1003. 

The elevation is now to be drawn. On either side of the 
vertical center line pq lay off 5 inches, the length of hubs of 
the coupling, and draw vertical lines through the points 
obtained. Lay off similarly 2} inches and 1 inch on either 
side of the vertical center line and draw vertical lines to rep- 
resent the edges of the flanges and the thickness of the webs 
of the flanges, respectively; the latter lines may, however, be 
quite short, as they appear only in the lower half of the figure. 
Now carry over from the side view, by means of the T square, 
two horizontal lines, tangent to the outside circle, and inter- 
secting the vertical lines limiting the width of the flanges. 
Carry over similarly horizontal lines tangent to the circle 
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representing tne side view of the hub. These will intersect the 
vertical lines limiting the lengths of the hubs; the lower hori- 
zontal will also intersect the verticals that limit the thickness 
of the webs of the flanges. A tangent carried over horizontally 
from the bottom point of the circle representing the outer out- 
line of the rim will also intersect the verticals in the elevation 
completing the sectional outline of the coupling. Carry over 
the horizontal center line u v of the bolt from the end view and 
complete the drawing of the bolt in the usual manner. Round 
off all sharp corners, using radii as given on the giate. fhe 
right-hand half of the coupling has a circular recess 4 inches 
in diameter and 35 inch deep bored in it; draw this by laying off 
on either side of the horizontal center line mn, 4’’ +2 =2 inches, 
and on the right of the vertical center line p g (or, what is the 
same thing, the face of the flange), lay off 33 inch, and draw 
the horizontals and a vertical, respectively, through the points. 
Represent this recess in the end view also, by drawing a dotted 
circle with a 4’°+2=2inch radius. Into the recess of the right- 
hand half of the coupling just drawn fits a boss projecting § inch 
from the face of the left-hand half of the coupling; represent 
this by drawing a vertical line $ inch to the right of the ver- 
tical center line pg. The verticals representing the bottom of 
the recess and face of the boss are dotted in the upper half 
of the figure, as they are hidden there. The left-hand half of 
coupling has also a circular recess turned in, smaller in diam- 
eter than the boss, namely 34 inches; it-is 7s inch deep mea- 
sured from the face of the boss. Draw in this recess and round 
its bottom corners; also represent it in the end view by a dotted 
circle of proper diameter. Next carry over the top line of the 
shaft bore horizontally from and tangent to the circle that rep- 
resents the bore in the end view; this line must be dotted in the 
upper half of the elevation, as it is hidden from view. Finally 
carry over the bottom lines of the shaft bore and the keyway, 
shown in full in the lower half of the elevation. Put in the 
section lining and dimensions. 


102. Part 4 on this drawing is a self-alining, self-oiling, 
dynamo bearing for a 23-inch shaft. Fig. 52 also shows the 
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same piece in perspective, which will help to give an idea of its 
actual appearance. A shaft bearing, generally speaking, is a 
stationary machine part 
having a hole into which 
fits, and in which turns, a 
movable cylindrical piece, 
the shaft. Upon a shaft 
are carried other machine 
parts designed to turn with 
it, as, for imstance, the 
armature in a dynamo. 
There are generally two bearings to a shaft of a machine, one on 
each side of the part carried by the shaft. In order that the 
shaft may turn freely, the two bearings must be exactly in line all 
the time. To insure this against any possible distortion of the 
machine frame or bending of the shaft, bearings are often made 
self-alining, as the one here represented; that is, they are so 
located in the frame that they can adjust themselves to any 
slight variations. This form of arrangement is shown in Fig. 53. 
Here the adjustment is made by means of the boss a (similar 
to the one that is to be drawn on the plate), whose form is part 
of a sphere and whose center rests in a correspondingly hollow 
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seat, or socket, in the machine frame. As it rests there, movable 
of course, friction would be liable to cause the bearing to turn 
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with the shaft. To prevent this, a slot is cut across the boss a, 
into which fits a pin projecting from the stationary frame. 
When two stirfaces move, one on the other, they necessarily 
rub each other, producing friction, and this not only consumes 
power, but creates heat and is liable to injure the surfaces. 
The amount of friction varies between different materials, cer- 
tain combinations offering less friction than others. It has been 
found that steel shafts move on a softer metal with a com- 
paratively small amount of friction. So bearings are usually 
lined with Babbitt or similar material. The great expedient, 
however, to reduce friction, is lubricating the surfaces with oil, 
which lubrication must be kept up constantly. To reduce the 
necessary labor of the attendant and to insure constant regular 
lubrication, bearings are often made self-oiling; that is, are 
provided with means by which the oiling is done automatically. 
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In the bearing shown in Fig. 58 this is done by hanging over the 
shaft loose rings b that dip into a reservoir of oil, as indicated. 
When the shaft turns, the rings turn with it by adhesion and 
carry enough oil from the reservoir to the top of the shaft to 
oil it properly. In order that the rings may rest on the top of 
the shaft, the bearing proper must have slots cc cut into it. 
These slots are also shown on the plate and in each of the sev- 
eral views. The bearing shown is made of cast iron and is 
babbitted inside, the Babbitt being held in place by dove- 
tailed circular recesses at the ends, shown in the left-hand 
half of the elevation, and longitudinal recesses 3 inch wide 
and ;; inch deep, shown both in full lines, as well as dotted, 
in the end view on the plate, and dotted in the elevation. 
The perspective view in Fig. 54 shows the way the Babbitt 
would appear in case it was detached from the bearing. The 
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babbitting is ordinarily done on a mandrel smaller in diameter 
than the finished bore of the bearing. After being babbitted 
the bearing is accurately bored and finally finished on the 
outside. 

The left-hand half of each view on the plate is shown in sec- 
tion, the right-hand half giving the external view. Oil grooves 
are not shown in the drawing and are omitted from all working 
drawings when regular shop practice is to be followed, only 
being added to a drawing if special instructions are to be given. 


103. In drawing the bearing, which is drawn half size, 
proceed in much the same manner as with the coupling. The 
method of procedure is shown in Fig. 55. Draw the center 
line mn 28 inches from bottom border line and two vertical 
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center lines, one pq 43 inches from the left-hand border line 
for the elevation, and another 7 s 102 inches from the left-hand 
border line for the side view. Begin with the end view, com- 
pleting it as far as possible, before starting the other view. 
Thus draw circles with o as a center, 54, 4, 32, 3, and 24 inches 
in diameter to represent, respectively, the circular outlines of 
the spherical boss in the center of the bearing, of the body of 
the bearing, of the outside of the Babbitt lining, and the bore. 
Next lay off $ inch from o downwards on r s and draw, from this 
point as a center, a circular arc with a radius of 2inches. This 
circular arc cuts into the circles representing the body of the 
bearing and the bore at c and d. Round off the sharp corner 
atd. Draw the 7-inch slot on top of the rounded boss. Draw 
the longitudinal recesses for the Babbitt 2 inch wide and 
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zs inch deep, their centers 45° from the horizontal center 
line mn. Section line the Babbitt and bearing section. This 
view is now complete with the exception of one circle, namely, 
that representing the edge of the boss, the radius of which will 
have to be obtained from the other view, now to be drawn. 
Carry over horizontally from the end view the lines limiting 
the diameters of the boss, bearing, Babbitt lining, and bore, 
tangent to the circles representing these parts in the end 
view. Lay off right and left from the center line p q the various 
distances limiting the length of the body of the bearing, the boss 
in the middle, and the lengths of the dovetails of the Babbitt 
lining. Likewise, lay off 2 inches on either side of pq for the 
center lines ¢ u and v w of the oil-ring slots. Lay these out next. 
It will be noticed, from dimensions on the plate, that they are 
narrower inside, near the shaft, by 7/5 inch than at the surface 
of the bearing. These slots are shown slanting to give the ring 
a free movement. Carry over from the side view a horizontal 
line through d, which will intersect tu and vw at x and x’, 
respectively. Lay out the bottom width of the slots at this 
point, 7 inch, thereby finding the points k,1,k’, andl’. Carry 
over a horizontal from the side view through c, which inter- 
sects tu and vw at y and jy’, respectively. Lay off the width 
of the slots at this point, $ inch. Draw verticals from the 
points f, g, f’, and g’ to the upper limiting line of the bearing 
and intersecting it; from the points of intersection h, 7, h’, and 7’ 
draw lines to the points k, 1, k’, and 1’; also, lines fk, gl, f’ k’, 
and g’l’. With z, the intersection of the center lines mn 
and pq, as a center, draw circular arcs limiting the outside 
of the spherical boss, the radius being obtained by carrying 
over from the end view or by measurement, 53-2 = 27% inches. 
The arcs intersect the verticals limiting the length of the boss 
in points which finally give the radius for a circle to be drawn 
in the end view to represent the edge of the round boss. Put 
in the section lining, using the proper lines for cast iron and 
Babbitt. Notice that the boss is section-lined all through in 
the bottom half of the figure, but only up to the bottom line 
of the slot in the top half, showing that the slot runs all the way 


through the boss. 
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In completing the drawing, fill in the title and note that 
two patterns are necessary for the coupling, pattern for 1 
being A, and for 2, B. Also note that six 1-inch bolts 34 inches 
long with nuts are required and are called for in title or bill of 
material. 

The part numbered 4 is made of cast iron, from pattern C, 
and the Babbitt is afterward melted and poured about the 
mandrel previously spoken of, this mandrel being held in posi- 
tion inside of the casting while the bearing is being babbitted. 
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PART 2) 
DRAWING PLATES (Continued) 


PLATE 1007, TITLE: COMMUTATOR 


104. This plate shows the detail drawings and the assembly 
drawing of an electric railway-motor commutator. It is com- 
posed of a shell, part 1, and a clamping ring, part 2, these two 
parts being drawn together by eight bolts, thereby clamping 
the 100 commutator bars shown by part 3. The latter are 
separated from each 
other by mica insulation 
sheets .03 inch thick and 
are also insulated both 
from the shell and the 
clamping ring by mica 
rings .063 inch, or ap- 
proximately 7 inch, 
thick, An idea of the 
general appearance of the 
assembled commutator 
may be had from Fig. 56. 


105. The commu- 
tator’ shell, part 1, is to 
be shown in the right- 
hand upper corner of the plate by means of an end view and 
a sectional elevation. It is made of steel, cast from pattern 
1007-A. A keyway is cut in one end of the shell, extend- 
ing into it for a distance of 23 inches, being $ inch deep and 
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= inch wide. In the sectional elevation no outlines of hidden 
parts are shown, except such as may serve to make the drawing 
clearer. This is always desirable practice when lines unneces- 
sarily complicate the drawing without adding any information 
of value regarding the construction of the piece represented. 
This part is to be finished all over, as indicated by the note 
between the two views. 


106. Begin by drawing a horizontal center line 38 inches 
below the upper border line, extending across the whole width of 
the plate. Draw the vertical center line of the end view 

4 inches from the right-hand border line, and with the inter- 
section o, Fig. 57, of these lines as a center, draw the various 
circles outlining the bore and the receding surfaces of the shell; 
the diameters of these surfaces are given in the sectional view 
of the drawing. The scale to be used is 6 inches=1 foot. With 
a radius of 62+2=3,3; inches, draw a circle, around which the 
centers of the eight holes for the clamping bolts are to be sym- 
metrically located and which are spaced equally distant apart, 
as indicated. The position of the center line ok for the key- 
way is obtained by drawing two arcs with a radius greater than 
half the distance between two adjoining holes and connecting 
the point of intersection k with the center 0. It will be noticed 
that each full-line circle representing a bolt hole is concentric 
with two dotted circles, which represent the outlines of the coun- 
tersunk parts of the holes. 


107. Next proceed to draw the sectional elevation of the 
shell by drawing a vertical line, representing its right-hand 
end, 2 inch to the left of the end view. Draw another vertical 
- line 9} inches to the left of the first, thus obtaining two lines 
that limit the-length of the shell. Parallel with these lines 
draw others that pass through the various external edges of 
the shell. By projecting horizontal tangents from the top 
and bottom points of the circles in the end view which repre- 
sent similar edges, and letting them intersect corresponding 
verticals in the sectional elevation, the exact locations of the 
edges are determined. Proceed to outline the internal surfaces 
of the shell, the bore, and the keyway in a similar manner. 
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108. It will be noticed that on this plate several dimen- 
sions are given to thousandths of an inch. Most of these 
dimensions refer to the clamping surfaces of the shell, clamp- 
ing ring, and commutator bars. These parts are turned to 
fit gauges prepared by the toolmaker, who lays out the gauges 
and makes them suit the dimensions given. The purpose of 
giving these dimensions so exactly is to call attention to the fact 
that great accuracy is required and that measurements at these 
places are to be determined either by gauges or with microm- 
eters. This practice of giving accurate dimensions in decimals 
and approximate dimensions of a machine part in halves, quar- 
ters, eighths, sixteenths, etc., of an inch, 1s now largely adopted 
in the better class of drafting rooms, the purpose of its adop- 
tion being to show the workman at a glance which parts of a 
machine part require to be very accurate and which do not, 
thus tending to prevent the waste of time incidental to needless 
accuracy. 

In regard to laying off on the drawing dimensions given in 
decimals, lay off to the nearest 64th inch, actual measurement. 
This is ascertained in the following manner: Consider the 
dimension 9.416 inches in the sectional elevation of part 1. 
As the scale used for drawing this is 6 inches=1 foot, or one- 
half size, the actual distance to be laid off using a full-size scale 
is 9.416+2=4.708 inches=4+.708 inches. But .708 inch 


« Bie 2 . 
expressed in 64ths is .708 x $4 a = 4% inch, to the nearest 


64th inch. Hence, the actual distance, measured with a full- 
size scale, is 4¢3 inches. Again, part 3 is drawn full size; hence, 
the dimension 1.594 inches expressed to the nearest 64th inch 

38.016 


is 13$ inches, since .594 inch=.594x 84 88 inch, to 


the nearest 64th inch. 

To find the nearest 64th inch corresponding in value to a 
dimension given in thousandths of an inch, consult the table 
given in Geometrical Drawing, Part 2. - 


109. Among the parts demanding great accuracy is the 
clamping surface indicated by the lines rh and 1’ h’, Fig. 57. 
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The correct position and inclination of this surface is deter- 
mined in the following manner: Draw a vertical line at a dis- 
tance of 3.692 inches from the left-hand end of the shell and 
intersect this line with two horizontal lines 9.710 inches apart 
and equidistant from the horizontal center line, thereby locat- 
ing the two points z, 2’. From these points draw lines rh and 
r'h’ at angles of 30° with the axis of the shell. Now draw a 
vertical line d ad’ 33’ inches from the left-hand edge of the shell 
and find by trial a radius and center such that an arc can be 
described tangent to dd’, hr, and 77. Also, draw a line par- 
allel to and 3 inch to the left of dd’ and with a radius of 3% inch 
find a center from which an arc may be described tangent to 
this line and tangent also to hr and/lk. So proceed with the 
upper half. 


110. As the countersunk parts of the holes intersect the 
inside of the shell where it is cone-shaped, the outlines of the 
holes will appear elliptical instead of circular, as indicated by 
tie curves:a, b, and.c, Fig: 57. 

The outlines of the apertures a, b, and c have been carefully 
defined by a number of points found by the principles of pro- 
jection. It is not necessary for the student to repeat this con- 
struction; it will be sufficient if a few points only are found and 
the curves are drawn approximately, freehand, through these 
points. “Connect the points e, and fp by a straight line; the 
extreme points of the curves will be situated on this line. Like- 
wise connect points ¢; and f,, on which line points limiting the 
width of the various curves are to be located. The line ¢; fiis a 
representation of the circle mm. From the points a; a2, where 
this circle intersects the largest of the circles representing the 
hole a, draw perpendiculars to the line ¢ fi. The pomts of 
intersection a3, @4 are two points on the curve, limiting its 
extreme width. To find the point a; at the extreme end of the 
curve, produce the line ec until it intersects the horizontal 
center line of the two views at . Project the center a6, in the 
end view, on the line e: /:; the point of intersection a7 will be 
the center of the curve. Draw a line through m and ay, inter- 
secting line @ fo at as; this point 1s the extreme end of the curve. 
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Assuming that the corner at point p is a sharp corner, project this 
point to the vertical center line of the end view, and through 
the point thus found draw the circular arc l; /, with o as a center. 
This is part of the circle represented by the line pg. From 
the points where this arc intersects the circle a, a2, draw 
perpendiculars to the line pq; the points of intersection dg 
and ay will then locate the inner ends of the curve. Connect 
the points ds, a3, a5, a4, and ag by a curved line, drawn freehand; 
the result is the outline of the aperture a. 

The location of the curve representing aperture b is some- 
what easier to find. From the points of intersection b; and be 
between the circle mm, and the circle indicating the hole 6 
in the end view, draw perpendiculars to the line e fi, thereby 
locating the points 63, bs The point of intersection between 
the line ¢ fg and the horizontal center line of the views gives 
point b;. To locate the points bs, bs, draw projectors from the 
points of intersection between the arc ], J, and the circle by bs 
to the line pq. 

It should be noted that while the lines ¢. p and fs q are here 
represented as straight lines, they should in reality be flat 
curves with their convex sides toward the horizontal center line 
of the view, because the elliptical curve, here shown in side view, 
does not lie in a plane, but on a conical surface. 

Attention is also called to the fact that while in this case 
the left-hand part of the end view has been used for projec- 
tion, it is really the right-hand half that is represented in the 
sectional elevation. The left-hand half was used to avoid 
drawing projection lines across the whole of the end view. 

Outlines of holes, as the above, or curves indicating the 
junction between intersecting parts, are generally drawn in 
the manner just described, partly to save time and also because 
such curves are bound to appear with the proper outlines and 
in the correct positions on the finished part, as a result of 
the process of manufacture, irrespective of how they are 
indicated on the drawings. But there are occasions when 
the draftsman desires to project such curves in their true 
form, and he should therefore be prepared to do this with ease 
and accuracy. 
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t11. The clamping ring, part 2, is drawn to a scale of 
6inches=1 foot. It is made of steel, cast from pattern 1007-B, 
and slips over the shell at d, as shown in Fig. 62. The per- 
spective view in Fig. 58 gives a good representation of this 
detail. On the drawing it is shown in a sectional elevation and 
an end view, and the horizontal center line, common for both, 
should be 3;'¢ inches above the lower border line. First draw 
the end view, locating its vertical center line 6;5 inches from 
the left-hand border line. It will be noticed that the circles 
in full lines, indicating the holes, are surrounded by circles in 
dotted lines. The latter indicate the bottom of the thread 
in the hole, here 3% inch in diameter, or, what is the same 
thing, the top of the thread of the screws. The full-line circles 
indicate the top of thread in the hole or 
the diameter of the drilled hole, which 
is .454 inch, or about 24$ inch. In the 
sectional elevation, the threads of the |: 
bolt holes are shown left-handed. It is | 
common practice to make the slant of the 
thread in a bolt hole in an opposite di- 
rection to that on the bolt or screw. 
A space of 13% inches (full size) should 
be left between the end view and the sec- 
tional view of the clamping ring. In the 
latter view the tapped holes, shown in 
cross-section, should in reality have 12 threads per inch, but 
owing to the small scale to which they are drawn, it is diff- 
cult to represent the full number, and they were therefore 
drawn as shown. The method of laying out the surface gh, 
Fig. 59, with an inclination of 30° to the horizontal center line, 
is similar to the one described with reference to Fig. 57. 
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112. The commutator bar, part 3, is shown in an eleva- 
tion, an end view, and in a sectional view taken on line kl, 
Fig. 60; it is to be drawn full size. These commutator bars are 
made in long strips and are sawed off to proper lengths. The 
perspective view given in Fig. 61 shows one of the bars as it 
appears when finished: After the bars are assembled, mica 
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strips are placed between them, and then the ends of the assem- 
bled bars are turned to fit the clamping ring and shell. The 
majority of the dimensions are very important and are there- 
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fore indicated by inches and decimals. Locate the bottom, or 
base, line p g of the commutator bar 33 inches (full size) above 
the lower border line and draw the vertical center line kl 


GY 


SS 


MO 
SS 


Sw 


ES 
SS 


Fic. 60 


5z6 inches from the right-hand border line. Locate the center 
lines of the end view and the sectional view 2! inches and 
1; inches, respectively, from the right-hand border line. The 
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drawing of the commutator bar must show the dimensions 
required by the toolmaker for making the gauges and by the 
machinist for turning it to size; consequently, some of the 
dimensions required for drawing it must be obtained by cal- 
culation. Before making these calculations, the student should 
observe the perspective view of the commutator given in 
Fig. 56, and consider that the commutator bars are clamped 
together so as to form a solid ring. Thus, the top and bottom 
of each bar are parts of the outside and inside cylindrical sur- 
faces of this ring, respectively. This will give a clearer under- 
standing of the diametrical dimensions given in part 3 on the 
drawing plate. The height of 
the bar along the line k 1, Fig. 60, 
is given in the sectional view as 
14% inches, but the length of the 
side mm’ and the distance of 
the point m’ above the line pg 
must be found by calculation. 
The point m’ is located on a 
circle the diameter of which is 
9.980 inches; as p g is tangent to a circle of 8.375 inches diame- 


. 9.980 —8.375 : 
ter, the distance of m’ above pg is ae “ = 8025 inch. 


The length of the side mm’ is found in the same manner 
and is 22, Eeo 2080 = 1.0725 inches, or 1,3 inches. With the 
exception of the side mm’ and the recesses a and }, the two 
parts of the bar, as divided by the center line k/, are alike. 
The point o is located on the line p p’, drawn at an angle of 30° 
to pg, and its distance above pg is found by means of the 
diameters given on the plate. Other points, such as p’, are 
found*by means of intersecting lines, the location of which are 
determined either by a diameter or a distance from one of 
the boundary lines. The dotted bottom line of the recess in 
the side m m’ in Fig. 60 and also shown at the end of the 
perspective view in Fig. 61 is drawn with a radius of 13% inches 
from a center located on mm’ produced, the lower edge of the 
recess being +4 inch below the point m. 


i54—i5 
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113. Part 4 is one of the copper washers that fit under 
the heads of the clamping bolts, thereby making the com- 
mutator oil-tight and preventing oil getting from the bearing 
back of the commutator into the armature. The washer is 
shown in a bottom view and a sectional elevation. The ver- 
tical center line, common for both, should be 5,’ inches from 
the right-hand border line, and the center of the bottom view 
should be laid off on this line 12 inches above the lower border 
line. A space of 3; inch should be left between the two views. 

The construction of parts 4 and 5 is not explained by means 
of any text illustrations, as the student should be able to 
complete the drawings of both without any supplementary 
instructions. 


114. Part 5 is one of the clamping bolts, the heads of 
which fit into the holes a, b, c, e, f in the shell, as shown in 
Fig. 57. These bolts screw into the clamping ring, and the 
remarks made about the threaded holes, as to threads per 
inch, apply also to the bolts. The center line should be 64% 
inches from the right-hand border line and the under side of 
the head should be 23 inches above the lower border line. 


115. The assembly drawing is to be located in the upper 
left-hand corner of the plate, on the same center line as the 
shell, with a space of 2 inch between its left-hand boundary 
line and the left-hand border line. The upper half of this 
assembly drawing is shown in cross-section. Begin by drawing 
the shell in the upper half, projecting the various diameters 
over from the adjoining sectional elevation; then draw the 
clamping ring and the clamping bolt. The relative positions 
of these parts are clearly indicated by the dimensions given in 
the assembly drawing. In Fig. 62 the various mica rings, 
required for insulating the commutator bars from the shell and 
clamping ring, are indicated by letters r, 7’, s,s’, t, and u. Each 
of these rings has a thickness of .063 inch; this dimension has 
been slightly exaggerated on the drawing, which is permissible 
on working drawings. Those parts of the two mica rings 7, 7’ 
that extend beyond the ends of the commutator bars are 
securely fastened in place by twine, well shellacked. 
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The lower half of this view, in which the vertical outlines 
may be obtained by projection from the upper half, may now 
be drawn. But few commutator bars are shown in this assem- 
bly drawing, as it is not customary to spend the time required 
to indicate the positions of all the bars. To space the bars 
properly, draw the semicircle abc, Fig. 62, with a diameter 
of 12 inches, that being the diameter of the commutator at the 
middle of the commutator bars. Divide the quarter circle bc 
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in five equal parts, and the part next to 6 again in five parts. 
At either side of these division lines, lay off one-half of the 
insulation thickness, which leaves in each division a space 
equal to one bar. At the middle of this space mark off the 
width of the recess; viz., .102 inch. Lines projected across 
frora the first 12 divisions will locate the first three bars in the 
assembly drawing. The projections of the arcs e are flat curves 
near the center line, but will increase gradually in curvature 
as the segments get farther away. 


90 MECHANICAL DRAWING § 14 


In cases where it is desirable to lay off all the bars and every 
part of the same correctly, the following method may be pur- 
sued: Draw the semicircle abc as before, but add the two 
quarter circles, shown in Fig. 62, the outside one having a 
radius equal to the distance of the point m from the commuta- 
tor center, and the inside one with a radius equal to the dis- 
tance between the bottom of the recess e, near the ear /, and the 
commutator center. Divide the quarter circle bc as before, 
but continue the subdividing down to point c and make the 
dividing lines long enough to intersect all three arcs. In 
Fig. 62 this has been done only in the upper fifth of the arc. 
Projecting lines are now drawn, as before, those from the inner 
arc indicating the lowest points in the groove. Through these 
points and the adjoining edges draw circular arcs, the radii 
of which may be found by trial. 

The pencil drawing is now complete and the plate is ready to 
trace. 


PLATE 1008, TITLE: STEEL GIRDERS 


116. The methods and conventions employed in making 
mechanical drawings are not all the same in the various branches 
of engineering, as, for instance, in structural engineering, which 
concerns itself mainly with the construction of columns, girders, 
braces, etc. used in the construction of bridges, modern office 
buildings, etc. As an example of structural construction, the 
shop or working drawing of several special, built-up steel girders 
has been selected, by means of which the methods employed 
in the execution of this class of drawings will be shown. 

Before proceeding with the drawing the student should 
familiarize himself with the names and purposes of the several 
parts, as given in the following description. + 


117. In Fig. 63, which is a perspective view of a part of a 
girder, the angles marked a are the flange angles, the upper 
pair forming the top chords and the lower the bottom chords 
of the girder. Connecting these chords is the web-plate b. 
Vertical angles located as at e and d are known as stiffeners. 
Two stiffeners are required at the ends of the girder for the 
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purpose of strengthening the web at the points where the girder 
is supported. At d stiffeners are also placed to reinforce the 
web, because at this point the upper chord of the girder is sup- 
porting the concentrated load presented by a column, the rivet 
holes for which are shown in the top chords above the stiff- 
ener d. At f,f are shown packing pieces, commonly called 
fillers, from the fact that they are used to fill a space other- 
wise open, which is undesirable where a compactly built-up 
part is required. These fillers are used wherever it is necessary 
to rivet through a space that would otherwise be vacant. 
Reinforcing plates, such as g, are frequently used to further 
stiffen the web of a plate girder, at the places adjacent to the 
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points of support and beneath concentrated loads. The end 7 
of the girder is to be secured to a structural steel column, and 
for this purpose the angle-iron clips h,h and the holes 7,2 
through the lower flange angles are provided. 

The structural girder under consideration is peculiar in that 
its depth is very small in comparison with its span, in conse- 
quence of which the girder is heavy for the load it is required 
to support. The necessity for keeping the girder shallow is 
that it may not diminish the headroom, or height, of the room 
beneath. 


118. In Plate 1008, the conventional method of represent- 
ing shop and field rivets, as explained in connection with 
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Plate 1001, is used. It will be noted that when a hole for a 
field rivet is shown in elevation it is indicated by a blackened 
rectangle, as in the sectional view on the plate. In the per- 
spective view, Fig. 63, holes for field rivets are shown in the 
upper chord over the stiffener d and in the lower chord to the 
left of e and d, also in the clips h. These same holes are indi- 
cated in black in the various views on the plate. 


119. The plate represents the working drawings of four 
separate girders, the shortest being 15 feet 1{ inches, and the 
longest 17 feet 3+ inches in length. It would evidently be 
impossible to show each of these girders complete and at the 
same time to a scale large enough to make a readable drawing, 
without requiring an unnecessarily large sheet. To obviate 
this the girders have been divided into several sections and some 
parts broken away, as being simply duplicates of the part 
remaining. In this manner one drawing may be made to rep- 
resent four different girders. The method of indicating the 
places where breaks occur differs from that heretofore described. 
It is here indicated by drawing a line consisting of a long dash 
and a dot along the adjoining parts of the break. Adjoining 
sections need not necessarily be arranged in one row, but may 
be placed in several rows, in this manner making the drawing 
still more condensed. On this plate the first section is placed 
by itself and the line of break marked with the line X X. The 
remaining three sections are placed in a row below, in which the 
first section also has a line X X indicating that this end is to 
be considered as contiguous to the one similarly marked. The 
parts removed by the two breaks in the lower row contain a 
number of rivet holes, which are spaced similarly to those in 
the remaining parts; it would therefore be superfluous -to show 
them. The scale to be used is 14 inches=1 foot. 


120. The distance between the centers of two rivets is 
called their piteh, commonly designated on the drawing by 
the word Space. The space need not necessarily refer to the 
spaces between rivets in one row, but may also refer to spaces 
between alternate rivets in two parallel rows. For instance, 
in the upper elevation, near the middle, are shown several 
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spaces marked 43’’, meaning: the spaces between two alternate 
rivets in separate rows. In the lower elevation, beginning at 
the left, is found the note ‘31 alt. spaces @ 23!’ =5’-93’’:”” this 
means that the drawing should show thirty-two rivets alter- 
nating in two rows and spaced 2} inches apart and that the 
distance between the centers of the first and the last rivets 
in one series is 5 feet 92 inches. The rivets in each row have a 
pitch of 45 inches. The saving in length by this method is 
evinced by the fact that the drawing shows only nineteen spaces 
of the thirty-one required. Each series is made up of as many 
rivets as possible without including rivets of a different pitch. 
As soon as a change takes place in the pitch a new series is 
arranged, as found, for instance, to the right of the note just 
referred to, where the following note is found: “17 alt. spaces 
@ 13’ =2’-13”",” meaning that the spacing has been reduced 
from 2+ inches to 14 inches. 


121. In the drawing, the four girders are designated by 
the marks E 1, E2, F 1, and F 2, but these marks are only 
to be found under the lower three sections, at which place all 
changes have been made both as to spacing of rivets and dif- 
ference in length of girders. The left-hand parts of all four 
girders are alike and therefore no distinction need here be made 
between them. The marks E 1, E 2, F 1, and F 2 are shop 
marks and are usually painted on the work in white lead before 
they leave the mill. To them the erector refers in placing the 
work in position, as the marks correspond with similar marks 
on an assembly drawing used in erecting the work in the field. 


122. The dimensions of the various angles used in con- 
structing the girder are not given in detail, they being unneces- 
sary on a working drawing. All that is required is to give the 
size of the angles. ° The note on top of the left-hand part of 
the girder, ‘2 L’s 6X33" x2” —0’-9” long,” means that the 
part indicated is made up of two angles, or L’s, 9 inches long 
and having legs 6 inches and 33 inches long, respectively, each 
of which is 2 inch thick. These angles come in lengths of 
about 15 to 20 feet and can afterwards be cut in smaller 
lengths, as required. 
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The fillers are also cut from long bars varying in width and 
thickness according to the space to be filled. For instance, the 
note “333” PL 1'-6”” at the head of the girder means that 
the filler plate is to be cut from a bar 3} inches wide by j inch 
thick, and to a length of 1 foot 6 inches. 

It will be noted that the manner of indicating dimensions 
given in feet and inches on this plate differs from that used on 
the other plates described in this Section. Thus, instead of 
expressing 5 feet 64 inches as 5 ft. 64”, it is here expressed 
5’-62/", in conformity with the working drawing from which 
the plate was made. The former method is to be preferred, 
but if the latter is used, never omit the short dash between the 
feet and inches. 

In order to aid the student in drawing the angles in the 
chords, the dimensions of which are not fully given on the 


A plate, a sectional perspective view 


of one, fully dimensioned, is given 
Che 


in Fig. 64. The radii of the fillet 
and corners are more or less arbi- 
trary, the various rolling mills 
having their own standards. 

The rivets used in this girder 
have #-inch and 7-inch shanks with 
heads 1 inches and 1;% inches in 
diameter and 3 inch and 2% inch 
high, respectively. The holes for 
the rivets are generally punched 75 inch larger than the shank, 
the size of a rivet being indicated by the diameter of the shank 
before the rivet is driven. All $-inch rivets require holes 32 inch 
in diameter. The rivets when driven fill these holes; conse- 
quently the driven size of a rivet =nominal size+ 7; inch. At the 
places where field rivets are to be driven, the notes ‘‘!2”” holes” 


16 
are to be found, indicating that ? inch rivets are to be used. 
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123. To draw the plate, begin by drawing the sectional 
elevation of the girder, Fig. 65 (a). This section is taken alony 
the line AB, Fig. 65 (b), and shown as it would appear when 
looking along the girder from the right-hand end. Locate the 
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center line mn 144 inches from the right-hand border line, and 
the top line 0 p 3% inches below the upper border line. Lay 
off one-half the thickness of the web-plate b to either side of 
center line and draw the four angles ai, a2, a3, and ay, according 
to the dimensions given in Fig. 64. 

Between the upper and lower angles insert the two fillers pai 
then add the reinforcing plates g, g’. The note “2-143” 
—4’-45"” just below bottom chord refers to this part and 
means 2 plates 4’-44”” long, 14” wide, and 3” thick. Finally 
draw the clips c,c’. It should be noted that the reinforcing 
plates g and g’ extend only to where the curve of the fillets on 
the chord angles begin, while the stiffeners shown in front ele- 
vation have to extend clear to the angles of the top and bottom 
chords, and for this reason have their inner corners chipped 
off. Draw the center lines of the rivet holes, and indicate their 
location by blackened rectangles or circles where field rivets 
are to be indicated. On structural drawings it is customary 
to indicate cross-sections by section lines; or they are filled in 
entirely, either with ink or some dark color. If thus filled in, 
the spaces indicating field rivets are left white. 

The note ‘Finished Third-Floor Line,’ found over the sec- 
tional elevation, means that the floor above the girder, when 
laid, will come to a height indicated by the line of dashes. 


124. Next draw the elevation of the first section of the 
girder, locating its left end ~ inch from the left-hand border 
line. The limiting lines of the top and bottom angles may 
be projected from the section just drawn, likewise the lines 
limiting the width of fillers and reinforcing plates. Next 
locate the center lines gr and st of the stiffeners d and e, as 
in Fig. 65 (b), and lay off their total width; also the sides of 
the legs di, dy, e1, and ¢, which project outwards at right angles 
to the plane of the paper. Lay off the clips c, one leg of which 
is seen to project a distance of 2 inch beyond the end of the 
girder. By referring to the sectional elevation, it will be noticed 
that the top of the clips is 1 inch below the upper side of the 
chord. Draw the reinforcing plate g extending from g1 to g. 
Indicate the fillers /; and fs, the first being of a length equal to 
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the width of d, and the latter of a length equal to the combined 
width of ¢ and e. These fillers are covered both by the stif- 
feners and the reinforcing plates, and must therefore be indi- 
cated by dotted lines, which are shown beyond the edges of the 
stiffeners in order that they may be seen, though in reality 
they coincide with the edges of the stiffeners. Lay off the 
section line X X at a distance of 8 feet 52 inches from the left- 
hand end of the girder. 

All the rivets in the front elevation are located in six hori- 
zontal rows at the distances from upper side of girder indicated 
on the plate. Draw these horizontal center lines. Select any 
one of these lines, as, for instance, the lowest, and lay off on 
same the distance between centers of rivets, as given in any one 
of the rows below the girder, all of which are seen to be alike. 
From the lowest center line, verticals are drawn by means 
of the T square and triangle to the other center lines, inter- 
secting them at the proper places and thereby locating the 
centers of the various rivets. It is unnecessary in the pencil 
drawing to draw the circle representing the rivets; this may be 
postponed to the making of the tracing, when the intersections 
of the rivet center lines will indicate the positions of the centers 
around which to draw the little circles. In some shops it is 
customary to omit these circles altogether and simply indicate 
the positions of the rivets by their center lines. 


125. The first of the two plan views of the girder, shown 
in the upper part of the plate and in Fig. 65 (c) may now be 
drawn by first laying off the center line wu v 14§ inches below the 
upper border line. Locate the left-hand end by drawing a 
vertical line from the corresponding end in the elevation and 
locate the section line at its right-hand end, 8 inches from the 
left-hand border line. The length of those angle legs which 
stand at right angles to the center line u v may be found by con- 
sulting the notes in the elevation. The holes for the field rivets 
will in this view appear as circles which are to be blacked in. 
The locations of the other limiting lines are found partly by 
projection from the elevation and partly by transferring the 
measurement from the sectional end view, Fig. 65 (a). 
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126. The other plan view, see also Fig. 65 (d), shows the 
girder in a sectional view taken along an imaginary horizontal 
line CD in the elevation on the plate. The view is similar 
to the one previously drawn, except that some of the parts 
are shown in full instead of dotted lines. Most of the limiting 
lines are found by projecting horizontals from the other plan 
view, the position of the remaining limiting lines being deter- 
mined by direct measurement; all dimensions extending in a 
horizontal direction are found in this manner. Those field 
rivets in the lower chord that are not visible in the other plan 
are here indicated, likewise those in the clips. 


127. Next proceed to draw the right-hand parts, see also 
Fig. 65 (e), of the four girders. Locate the lower side of the 
same 22 inches above the lower border line, letting the left- 
hand end lie in a line with the same end of the other elevation. 
This elevation is divided in three sections. Make the first 

- section 3 inches, the second 4 inches, and the third 223 inches 
long, leaving a space of 35 inch between each section. In other 
respects this elevation is drawn in the same manner as the one 
immediately above it. Locate the stiffener 3 inches from the 
right-hand end and add the filler 7, here shown in full lines. 


128. Now put on the dimensions, taking care in arranging 
the dimension lines that indicate the lengths of the girder and 
girder sections. In the bill of materials on the plate, the 
lengths of the girders are given. These lengths are the lengths 
of the rolled beam itself and do not include any parts attached. 
For example, the length of the girders E 1 and E 2 is given as 
15 feet 12 inches; while on the drawing the dimensions show 
their over-all length to be 15 feet 2§ inches, the additional 2 inch 
being due to the clips riveted to the left-hand end. 

Between the break line X X of the lower elevation and its 
right-hand end there are found three pair of dimension lines, 
the first of which refers to the girders marked: E/ and E 2, 
the second to girder F 2, and the third pair to girder F 7. In 
each pair the upper line refers to the spacing of rivets and the 
lower to the total length of the section. Locate the first dimen- 
sion line 3 inch below the girder, the second line & inch below 


Gf 


20) 


. 
N 
= 
Q 
S 
. 
SS 
X 
S 
g 
x 
N 
Xx 
N 
& 


“Ln 


FH Meh. Screw Wx 
(4 


eo ae en 


Entered at Stat 
All rig 


Copyright, 1904; by INTE 


§ 14 


39B-I1 © T 54C-154 


Date 


Oy dain. 
Hieipiome 
43 sli 


- lapped for 
FU IMh. Screw 
Gey) 


Base [3 Cast Tran Varrern{C | 
(daw _____ | 2 \Cast iron Vatern [8 | 


BENCS/ VISE 
DETA/LS T. 


-xTBOoK CoMPANY Name, Crass Letters, AnD NuMBER 
London 


knurled 


a 


ae, if Ktoles for FA eh. screw (4-20) 


lagped for Mth. Screw 


(A 20) Le 2 >| 
SO fa 
fay” 
WLI! 


x alt Ga 
| J al over 


ee 


Date Copyright, 1904, by I 


Entered at 
39B-ILT 54-154 § 14 All 


labped Jor 
ee ne HH! a et aa af ; 
val < 
das KN RAHE 

fer (ith 


“OM OVE 


1 
y 


- 


OTT, Y Yanni 7 


Spy 
Seabee 


i AeA chine steel| |_| 
Wiiee ee ee 
AU 0  R 
- Nuit for a \\Wachinestee/\ |_| 
7 | Guard for/ ____—*# \Gazs7 shee) \Patern || 
2 Ce 
(Slop Pieter 2&9 Veitachine steel __| | 
ABD age ig ay | ast stee/_\Pattern|E | 
7 WN tachinestee| || 
Ea Nut for |? & 2 [I] east ro \Pattera|O | 
’ Campi Bo Lh tor 7 ; Machine sree/ ae 
[/ |Sleeve Nutfor 8 __|7\aahine steel t——| 
Va EPID TEZEA Machine steel |_| 
[2 [Screw forl0___—|5 Machine sree! cals 
a aE 


MYachi7e S/CE 


BENCH V/ISE 
DETA/LS =/. 


TBOOK ComMPANY Name, Cuass Letters, AND NUMBER 


ondon 


§ 14 MECHANICAL DRAWING 99 


the first, and leave a space of 33; inch between each of the remain- 
ing lines. The dimension lines found under the other elevation 
of the girder, represented by Fig. 65 (b), are supposed to be 
continuations of these six lines and should be located in the 
same manner. Draw the other dimension lines and insert 
corresponding dimensions, following closely the method used 
on the plate as to their location and style of lettering. Add 
the notes referring to rivets and holes and the one referring to 
number and marks on girders. Lay off the space required for 
bill.of materials by drawing horizontal lines 35 inch apart. 


The lettering in this case is to be 33 inch high. The vertical 


subdivisions, measured from the left end, will be 2, 4, 3%, 3, 
1,and Id inches. The abbreviations ‘Fill’ and ‘Stiff’ refer to 
fillers and stiffeners, respectively. Rand L means right and left. 
When parts symmetrically placed are marked in this manner, it 
calls attention to the fact that they are not alike and that care 


should be exercised in order to put them in their proper places. 


PLATES 1009 AND 1010, TITLE: 
BENCH-VISE DETAILS 
129. Plates 1009 and 1010, together with Fig. 67, give the 
details and assembly drawing of a bench vise. In actual prac- 


tice the assembly drawing, Fig. 67, would be drawn first, but 
in this case it is desirable to draw the details first, as a clearer 
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understanding will then be had of the parts constituting the 
assembly drawing. Plates 1009 and 1010 may both be sent 
to the Schools for correction at one time, or separately, as the 
student prefers. 

A general idea of the external appearance of the vise may be 
had from the perspective view, Fig. 66; the internal construc- 
tion is indicated in the sectional assembly view, Fig. 67 (c), 
and the perspective longitudinal section, Fig. 68. In Fig. 67, the 
numbers in the circles are those given to the various parts in the 
material list on Plates 1009 and 1010. 

The vise consists of the front jaw 1 that works through an 
opening in the back jaw 2. Motion is imparted to jaw 1 by 
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means of the screw 17, located inside part 1, which is cored 
out for this purpose. The screw engages the nut 9, which 
lies in a groove in part 2, where it is held in position by means 
of the pin 12. When an outward motion is given to the jaw 1 
by turning screw 17 to the left, the jaw is assisted in its motion 
by the expanding spring 13, while the screw is held in position, 
relative to the jaw, by the guard 14. Both jaws are pro- 
vided with steel facings 11, secured by screws 18. 

The back jaw 2 rests on the base 3, to which it is clamped 
by bolt 6 in such a manner as to leave it free to swing around 
the latter. A sleeve nut 7 engages with a clamping bolt 8, 
whose head is held in a circular T-shaped groove in the base. 
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A loosening of the nut by means of handle 10 allows the whole 
vise to be swung into any position desired, in which it may be 
retained by tightening the nut 7. This clamping device is 
clearly shown in view (b). The advantage of this arrangement 
is that it enables the workman to turn any side of the work in 
the vise to the front without having to rearrange it in the jaws. 
The purpose of pin 4, shown in position in Fig. 67 (b) and also 
shown in Fig. 69, is to fill a hole which is provided so that the 
clamping bolt 8 may be used on either the left- or the right- 
hand side of the back jaw. If this hole were left open, filings 
and dirt would get into the T-shaped groove and clog it. 


130. Begin by drawing the front jaw 1 on Plate 1009, 
shown in four views: a side elevation, an end elevation, a 
plan, and a section 
taken on line AB of 
the side elevation. 
Lay off the horizontal 
center line, common 
. tothetwoupper views, 
32 inches from the 
upper border line, and 
the vertical center line 
of the end elevation 
93 inches from the left-hand border line. This vertical center 
line, if produced, will also serve for the sectional view. Another 
horizontal center line, 538 inches from the upper border line, 
will define the positions of the lower views. The side elevation 
and the plan are shown broken, as there is not room enough to 
show them, to their full length. 

All the views on this plate are drawn half size; that is, to 
a scale of 6 inches=1 foot, except the enlarged detail of the 
jaw, which is full size. 

Draw the end elevation first, then the side elevation, obtain- 
ing some of the dimensions in the latter from the first view. 
The radii of the curves defining the sides of the jaw in the 
end view and of similar curves found in these drawings are given 
simply as an aid in constructing them. Ordinarily the deter- 
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mination of curves of this nature is left to the judgment of the 
patternmaker, unless there are special reasons why they should 
be exactly defined. Next draw the plan view, which is a bot- 
tom view showing the groove. Some of its dimensions will 
have to be taken from the side elevation and some from the 
sectional view, which is to be drawn last. It is seen that the 
horizontal part of the jaw is cored out along its whole length, 
and that this cavity is partly rectangular and partly circular 
in section. The full-size view of the jaw proper, shown in the 
upper left-hand corner of the plate, will apply to both jaws. 
Draw the vertical side of the jaw in this view 23 inches from the 
left-hand border line, and its upper corner 3? inch below the 
upper border line. 


131. To draw the rear jaw, part 2, shown in a side and 
a front elevation, lay off their horizontal center lines 23 inches 
from the lower border line, and the vertical center line of the 
front elevation 82 inches from the left-hand border line. The 
extension of the front jaw is to fit the cavity of the rear jaw, 
but part .1 is made slightly narrower to allow it a freer motion. 

It will be observed that the hole in the center of the base is 
threaded, as is further shown by the note, ‘‘Tapped for #”” bolt.” 
On working drawings, a thread is rarely shown in a hole which 
is to be tapped; the general rule is to draw two lines at a dis- 
tance apart equal to the outside diameter of the thread, and to 
place a note on the drawing stating the size of tap to be used. 
It has been shown on this plate, however, for the sake of com- 
pleteness. 


132. The base, part 3, is shown in two views: a plan view 
and a side view, the latter being half in section and half in ele- 
vation. Lay off their vertical center line 3 inches to the left 
of the right-hand border line, and the horizontal center line 
for the plan view 23 inches below the upper border line. Leave 
a space of 3 inch between the two views. The square hole 
indicated in the upper part of the plan view serves the purpose 
of allowing the insertion of the bolt 8 from below into the 
T slot. 
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138. The parts on Plate 1010 are drawn full size, except 
those numbered 9, 13, 15, 16, and 17, which are drawn 
half size. Locate the tops of the views in the upper row 
+ inches from the upper border line, and equalize the spaces 
between them, similar to those on the plate. The curved top 
line of the nut in part 6 is drawn with a radius of 25 inches. 
In drawing the knurled portion of part 7, draw, first, horizontal 
lines indicating the upper and lower borders, thereby making 
sure that the borders will appear even. 
The lower part of the nut, part 9, is dovetailed into the groove 
situated in the base of part 2, but this groove is made jg inch 
wider to give a certain amount of play to the nut. 


134. Draw the center line of the jaw facing, part 11, 
52 inches below the upper border line, and draw the end view 
13 inches from the left-hand border line, leaving a space of 
1 inch between this and the rear elevation. The note ‘‘scored 
face’ indicates that the face of the jaw is to be provided with 
a series of shallow grooves cut at right angles to each other. 
The appearance of this surface is indicated in Fig. 66. It 
should be noted that the arcs outlining the upper and lower 
surfaces of this part are not concentric. The center for the 
ares of the lower surfaces is found by drawing a line parallel 
with the face at a distance from it of + inch, then, with a radius 
of 1} inches and the lower edge of the face as a center, draw an 
arc intersecting the parallel line. The point of intersection 
is the center of these arcs. The center of the upper arcs is 
found if the vertical line, indicating the face, is produced and 
intersected by an arc having a radius of 3+ inches, and its 
center in the upper edge of the face. 


135. The horizontal center line for the two views of the 
handle, part 10, is located 63 inches below the upper border 
line, leaving a space between the end view and the right-hand 
border line and between the two views, of 1 inch and % inch, 
respectively. The right-hand end of the handle has been drawn 
in section, to show the threaded hole. In the free space above 
these views, locate the views of parts 8, 12, and 13. The 
method of drawing the spring, part 13, is clearly indicated in 


§ 14 MECHANICAL DRAWING 105 


Fig. 70. On the plate only six turns are shown with a break in 
one of the coils. These six turns are spaced off in a distance 
of 2 inches. 


136. Draw the horizontal center lines of parts 16 and 17, 
13 inches and 3% inches, respectively, above the lower border 
line, and leave a space of $ inch between them and the left- 
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hand border line. The head of part 17 is not spherical, as the 
left-hand half is outlined by a semicircle with a radius of 
1% inches, while the right-hand part is outlined by two arcs 
of 14 inches radius. . The extreme end of the head is flattened 
for a distance of 4 inch, corresponding to the diameter of 
the countersunk part of the hole for screw 20. The thread 
on the vise screw 1s made in a conventional manner, somewhat 
similar to Fig. 26, Mechanical Drawing, Part 1, with the excep- 
tion that the rear parts of the thread are not shown. Locate 
the end and side view of part 15 as indicated. 


1837. Before drawing the guard, part 14, it should be 
carefully studied, for its shape is somewhat difficult to ascer- 
tain from the three views given. The parts difficult to locate 
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are the two shoulders on the rear surface. These are shown in 
dotted lines in the elevation, but appear in the lower view as 
continuations of the sides. The shape of this part will be 
better understood by examination of Fig. 71, in which view (a) 
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shows the guard as it appears when seen from the rear and 
view (b) as when seen from the front. 

Draw their vertical center line 63 inches from the right-hand 
border line and locate the base lines of the views 34 inches 
and 1% inches from the lower border line. 

The plates are to be finished by putting on all dimensions 
and lettering. The material list, title, and number of the 
plate in each case are to be put in the lower right-hand corner. 


PLATE 1011, TITLE: ASSEMBLY, BENCH VISE 


138. Plates 1009 and 1010 being completed, the next to 
be made is the assembly drawing, which forms Plate 1011. 
As all the details are given on Plates 1009 and 1010, no speci- 
men plate is furnished in this case, as all the necessary informa- 
tion can be obtained from the detail drawings and Fig. 67. 
The positions of the details in the assembly views are to be 
indicated by the reference, or part, numbers enclosed in circles 
in the usual manner, these numbers, of course, correspond- 
ing to those given in the material lists on Plates 1009 and 1010. 
The plate is to be drawn to a scale of 6 inches = 1 foot. 

To draw the assembly views, Fig. 67, locate the horizontal 
center line of the upper views 33 inches below the upper border 
line, and leave a space of 4 inch between these views and their 
adjacent vertical border line. The lower view should be 
33 inches above the lower border line, and a space of 4 inch 
should be left between it and the left-hand border line. 

Insert the reference numbers at their respective parts, and 
place the title in the lower right-hand corner as indicated. 


PLATE 1012, TITLE: SHAFT HANGER 


139. In connection with Plate 1006 it was shown that 
shafts must be supported in bearings, and also how the bear- 
ings may be made to maintain alinement of the shaft. It 
was explained how shafts may be used to convey motion from 
one point to another, as, for instance, from an engine to the 
various machines to be driven by it. Such long shafts—with 
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their couplings, if any are used—are called line shafting. They 
may be supported on the floor or from the ceiling of the build- 
ing in which they are placed. In the latter case the supports 
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are called hangers, and contain the bearings proper, which 
may easily beealined. This plate shows a drawing of a com- 
mon form of such shaft hangers, which is also illustrated in 
Fig. 72. As the material list shows, it consists of nine parts, 
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some of which occur but once, others twice, and one four times 
in the construction, so that the structure consists of fourteen 
parts, counting every single piece by itself. The part num- 
bered 1 on the drawing is the hanger proper, which is fastened 
to the ceiling by strong bolts passing through holes in the base. 
Extending downwards, this hanger terminates in a square- 
shaped frame open at the lower end, in which is placed a shell 
made in halves, parts 6 and 7 on the plate. Within this shell 
is located the bearing proper, numbered 4 and 5, also made 
in halves. The before-mentioned square-shaped frame is 
closed, after the shell with the bearing is inserted, by a cap, 
part 2, secured by two studs, part 3, and nuts, part 9. The 
studs are cast into the hanger, first having been flattened at 
the end, as directed by the note near the detail of the hanger. 
Two setscrews, part 8, serve to adjust the shell containing the 
bearing proper to correct alinement with the other hangers 
used to support the same line of shafting. The whole structure 
put together appears as shown in the perspective view in Fig. 72. . 
It will be noticed that there are very few finish marks on the 
drawing on the plate, from which it is plainly evident that a 
large portion of the dimensions are for the foundry, and that 
there is very little machine finish. The bearing proper, parts 4 
and 5, and the shell, 6 and 7, are finished where they join 
together, parts 6 and 7 being also faced off at the ends. Parts 1 
and 2 are drilled and tapped for the 3’’—11 setscrews used 
to adjust the height of the bearing, and oil holes are drilled 
in part 4. With these exceptions there is no machine work 
to be done on the hanger. Parts 4 and 5 are lined with Babbitt, 
the same process being followed as that described in connection 
with the bearing shown in Plate 1006, although the absence of 
finish marks indicates that the bearing is not to be bored. 


140. All the parts are drawn on the plate in detail, by 
themselves, except the setscrews, the nuts, and the main frame 
or hanger proper; these are shown only in the assembly draw- 
ing. 

The dimensions given on the assembly are leading dimen- 
sions only, the few detail dimensions of the main frame given 
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and placed near the foot being added because the size of the 
sheet did not permit the portion of part 1 being shown in 
detail in any other position. The other dimensions of the 
main frame, or part 1, are given in the two views located in the 
lower left-hand corner of the plate. 


141. All the details are to 
be drawn first, and to a scale of 
6 inches=1 foot. Begin with the 
bearing proper, parts 4 and 5. 
This piece is in many respects 
similar to the one drawn on 
Plate 1006. There are these differences, however: In the 
present case the bearing consists of two parts, while the former 
was one piece only. The present bearing is not self-oiling, so 
that there are no slots for oil rings, little oil holes being provided 
instead. The means for preventing the bearing from turning 
in its seat is in the present case a small boss, or teat, at the bot- 
tom of the rounded central portion, which is also called the bail. 
This small teat fits into a recess provided for it at the bottom 
of the lower shell, part 7. Fig. 73 shows the appearance of 
the bearing when placed in its proper position in the shell. 
For convenience the two halves of the bearing are drawn 
together, the finish mark f 
placed on the dividing line 
indicating that both sur- 
faces are to be finished. 
Both halves are shown half 
in section. With the in- 
struction given for the 
similar piece on Plate 1006, 
WN there should be no difficulty 

Het in drawing the bearing. 
Place the center lines 14 inches from the bottom border line, 
and the vertical center lines 82 inches and 5{$ inches from the 
right-hand border line, respectively. 


142. The shells 6 and 7 are drawn in much the same man- 
ner as the bearing. The two halves are also shown together, 
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as were those of the bearing; they are also shown in a perspec- 
tive view, Fig. 74, partly broken away. Fig. 75 is the same 
as the views on the plate, except that the lines are all full lines 
and various parts are lettered to make plain the references in 
the following instructions. 

Draw the horizontal center lines 5 inches from lower border 
line, and draw the vertical center lines 5 inches and 1} inches 
from right-hand border line, respectively. In the right-hand, 
or end, view, draw first the circular opening from the center o 
(see Fig. 75). Next draw the outline of the shell, which is 
dome-shaped in the upper half and box-shaped in the lower 
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half. The outline of the upper half is composed of circular 
arcs of different radii, one drawn with a radius of 2% inches 
from a center o’ located 7% inch from o on the horizontal center 
line; the other with p.on the vertical center line as a center, 
7 inch from o, with a radius of 1} inches. Lay off o’ and p 
first. Draw a line o’ p and prolong it, say, tox. When curves 
of different radii are joined together, as in this instance, their 
point of junction should lie on a line passing through the cen- 
ters of the arcs, such as line 0’ x. Draw one arc from a till it 
intersects o’ « at b; then draw the other arc a’ b’. With p as 
a center and a radius of 1} inches describe the arc b’ Db. 
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On top of the upper shell place the boss for the oil cup d; 
the diameter of this is 13 inches and _its top line is } inch above 
the crown of the shell, as seen in the other view. The boss is 
cupped, the cup having a radius of +4 inch and being 4 inch 
deep. Next add, in similar manner, the boss e for the end of 
the setscrew to bear against, 15 inches in diameter and } inch 
high. This boss is also cupped, the cup having a radius of 
zs inch and being $ inch deep. This cup is not visible in the 
right-hand half of the end view, as the whole boss is hidden 
by the oil-cup boss and must be shown in dotted lines. : 

The outline of the lower, box-shaped half of the shell is 
now to be drawn. Carry straight lines down from a and a’, 
one full and one dotted, as shown, the surface represented by 
the latter being hidden by a projecting lug. The bottom line 
of the lower shell is a circular arc having a radius of 73 inches. 
Its center is obtained by laying out the bottom point 142 inches 
below the horizontal center line, and taking the center 73 inches 
above on the vertical center line. Draw the boss e’ at the 
bottom. The lower shell has on each side three projections g, g’ 
and h, the lugs g and g’ protruding 2 inch, and the raised sur- 
face h only js inch. The outlines of the lugs appear in the — 
end view in full, in both halves of the figure, while the raised 
surface appears as a full line on the sectional, or left, side 
and as a dotted line on the right side, being there hidden by 
the lug g’. Round off the lugs with the proper radii. The 
projecting lugs gg’ just drawn, together with the raised sur- 
faces h, hold the shell in proper position in the main frame, 
keeping it from moving endwise and sidewise, respectively. 

Next define the thickness of the shell in the left-hand side 
of the figure by drawing concentric arcs and lines parallel to 
the outlines already drawn. The thickness of the shell is | inch, 
as given in the other view at the bottom, it being understood 
that the general thickness of shell is the same throughout. On 
the inside of the shells are placed bosses f and f’, cupped to 
receive the ball, or rounded middle, portion of the bearing. 
These cups have, however, a smaller radius than the ball, for 
the following reason: As has been said, these surfaces are not 
finished. It would, therefore, not be practical to cast them 
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so as to make them exactly coincide. By making the cups of 
smaller radius, the surfaces will be in contact only at the zim 
of the cup, as shown in Fig. 76. The radii of the cups are given 
as 1,/; inches; to find their centers, g and q’, proceed as follows: 
With o as a center draw a circle with a radius of 1} inches, as 
shown in Fig. 76; next lay off 12 inches from o downwards along 
the vertical center line, and draw a horizontal line r s marking 
the top of the cupped boss. With the point of intersection ¢ 
as a center and a radius of 1,4; inches, strike an arc cutting 
the vertical center line at q; 
with g as a center, draw the 
arc defining the bottom of 
the cup. Draw the upper 
cup in the same manner. 
Draw the little recess in the 
lower cup for the teat re- 
ferred toin Art. 141. The 
thickness of the shell is 
changed at two other places, 
namely, at u, Fig. 75, and at 
the corresponding point op- 
posite, being recessed {7g inch 
deep and % inch wide to ac- 
commodate the ball, as the 
Shell is only 27 inches wide 
in the clear, while the ball is 
3 inches in diameter. The 
top sleeve, part 6, is held 
in position, in relation to bottom sleeve, part 7, by four pro- 
jections v, one placed at each corner of the top half and 
slipping into the bottom half. 
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143. The other view is now easily drawn. Carry overt 
from the end view horizontal lines limiting the inside and the 
outside of the shell, the tops and bottoms of the bosses for the 
oil cups and ball cups, keeping in mind the fact that the line 
representing the inside of the top of part 6 is not found by 
projecting horizontally from the end view, as the top point 
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there represents the bottom point of the cup f. The inside 
top line in the side view must be found by laying off a point 
# inch below the outside of the shell, and through this drawing 
ahorizontal. Lay off the center lines and centers of the oil cups 
and draw their outlines. 
Carry over the centers of the 
ball cups and draw their out- 
lines, also those of the set- 
screw cups. Lay out the lugs 
gand g’, the raised surface h, 
the recess #, and the projec- 
tions v, the latter visible 
only in the right-hand or 
sectional half of the figure. 
Round off the corners and 
draw the fillets. The out- 
lines of the recess u in the 
side elevation are found by 
ascertaining the intersection 
between the ball of the bear- 
ing and the inside of the 
shell. In this case it is not 
required that the intersect- 
ing points be determined by 
means of projection, but an 
approximate curve may be 
drawn in the following man- 
ner: With the intersecting 
point of the two center lines 
as acenter, draw an arc with 
a radius of 7 inch. Lay off 
another center {= inch above 
the first and draw another 
arc with a radius of } inch. By means of the irregular curve 
draw two curves tangential to the two arcs. 
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144. Now draw the detail numbered 1 and 3 (see also 
Fig. 77), which is the lower portion of the main frame, with 
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its bolts cast into it. It will be noticed that the detail drawing 
of parts 1 and 3 shows only a portion of the frame, and that 
it is drawn to a larger scale than the frame shown in the assem- 
bly drawing. This is another illustration of the practice 
referred to in the description of the enlarged cross-section of the 
pulley rim, Plate 1005. The size of the plate would not permit 
of drawing the entire frame to the scale used for the details; 
hence, the upper part only is shown, drawn to the enlarged 
scale, the dimensions necessary for the foot of the frame being 
given on the assembly. Commence with the top view or ele- 
vation. Draw a vertical center line 2,5 inches from left-hand 
border line. Draw parallel to it the center lines of the bolts 
52;'"+2=218 inches from it, on either side. Draw a hori- 
zontal line mm’, Fig. 77, which determines the bottom, and 
is 44 inches (actual measurement) from the lower border line. 
Lay out the inside and outside dimensions (33 inches and 

14 inches) of the uprights and draw their vertical outlines 
mn, m'n’. The uprights have ribs a and a’, the inside edges 
of which coincide with the center lines of the bolts; the ribs 
are 3 inch thick. These ribs extend to the upper part of the 
frame, while the thick parts of the uprights terminate on the 
outside in caps which are partly spherical and have a radius 
of % inch, with centers on the inside edges of the ribs. To 
locate these centers, lay off from mm’ the height 5,5, inches on 
the outside edges of the ribs to p and p’; with these points as 
centers cut the inside edge line of the ribs with arcs struck 
with a radius of § inch, obtaining centers o and o’ of the caps. 
A ribbed bridge 6 b’, having a cylindrical boss ¢ in the center 
for the setscrew, connects the two uprights. This bridge is 
curved to a circular arc, the upper edge of the central hori- 
zontal rib b having a 6-inch radius, whose center is located 
s inch from the line mm’. The lower edge of the central rib b 
is § inch away from the upper, and is struck from the same 
center. The remainder of the bridge should be readily drawn. 
Draw the cylindrical boss ¢ by locating a point q in the middle 
of the rib b and laying off points 3 inch to the right and left 
of the vertical center line, and +2 inch above and 1 inch below 
point g. Now put in the fillets joining the various parts, and 


$14 MECHANICAL DRAWING 115 


round off the corners. Next draw in the hole for the setscrew 
in the boss c, and finally the studs 3. The flattening of the 
studs is shown in a conventional manner without dimensions, 
this being safely left to 
the blacksmith. 

Begin now with the bot- 
tom view. Carry down 
vertically the center lines 
of the studs, having pre- 
viously drawn a horizontal 
center line of the whole 
figure 13%; inches (actual 
measurement) from the 
lower border line. Draw 
the circles representing the 
studs, the threaded set- 
screw hole, and the cylin- 
drical boss c. Carry down 
the outside edges mn and m’n’ of the uprights from the upper 
figure to the lower, intersecting the horizontal center line in r 
and r’, through which points draw arcs of circles with a +§-inch 
radius to represent the plan of the uprights. Carry down the 
inside edges of the uprights and lay off their width, which is 

4 inches. Carry down the edges of the ribs a and a’ and 
make their width 23 inches. Finally, draw the rib 0’, 3 inch 
thick. Round off corners and put in fillets. 
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145. The next part to be drawn is the cap, part 2, also 
shown in Fig. 78 and in the perspective view in Fig. 79. Draw 
center lines 72 inches from the 
2 , left-hand border line and 
=e Sve «. ¥% 6 inches from the bottom bor- 
willl pg get fl der line, respectively. It is 

tlic in 8 ee best to begin with the upper 
view, or plan. Establish the 
stud-hole centers; draw the 
circles representing the stud holes, the setscrew boss, and the 
setscrew hole. Lay out the outside and inside dimensions 
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of the body and rib of the cap as well as their width; the dimen- 
sions 618 inches, 33 inches, 23 inches, and 1} inches will be found 
to be the same as the corresponding dimensions of the uprights 
of part 1. These outlines will be partly dotted lines, being hidden 
by a half-round molding aa ? inch wide carried all around. In 
the plan, this molding shows in parallel lines and concentric 
circles to the outlines of the body proper and ;%5 inch away from 
them. Now draw the lower view or elevation. It is drawn in 
a manner similar to the bridge portion in part 1. Notice that 
the body tapers on the sides b and b’ and that it is flattened 
at the bottom at c for the nut of the setscrew. Put in circles 
for fillets and round off the corners with proper radii. 


146. All that now remains to be drawn is the assembly 
shown in two views and in four sections through the frame and 
web. The assembly views, which are a plan and an elevation, 
are drawn to a scale of 3 inches=1 foot. Begin by drawing 
the elevation. Draw the center line nn’, Fig. 80, 3 inches 
from the upper border line, and a base line a b 73 inches from 
the left-hand border line; draw center lines gr and s¢ for the 
bolt holes; lay out the thickness of the base and of the bosses e 
and e’, and draw in the bolt holes. The lower edge of the 
rib d is parallel to the base line; the rib itself is 14 inches high, 
as indicated on the section along A B shown at the left-hand 
upper corner of the plate. Lay off 30 inches from the base line 
to locate the center of the shaft; this distance is called the drop 
of the hanger. Draw a center line through o perpendicular 
to nn’, and complete this end of the hanger from dimensions 
on the details previously drawn. The curve of the side of the 
hanger is partly that of an ellipse, the half diameters of which 
are 3% inches and 28% inches. Use for its construction the first 
of the two methods given in Geometrical Drawing, in the man- 
ner shown in Fig. 80. From u to z the curve is a circular arc 
tangent to the ellipse at u and to the bottom of the base at 2, 
and passing through the end y of the long diameter of the 
ellipse. If the circles used for the construction of the ellipse are 
divided into the same numper of equal parts as shown in the 
illustration, then the point uw is located at the end of the third 
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line from the left in Fig. 80. The center from which to describe 
the arc uz may be found in the following manner. Draw a 
straight line connecting u and y and bisect this line by a per- 
pendicular vv’ in the manner described in Geometrical Drawing. 
Then, with a center on the line v v’ and with a suitable radius, 
draw the arc u y and continue it till it intersects the lower side 
of the base in point z. The other construction dimensions can 
be obtained from the cross-sections and the over-all dimensions 
given on the assembly. The bottom plan to the left of the 
figure just drawn is made by drawing the center line mm’, 
Fig. 80, 53 inches from the left-hand border line, carrying over 
horizontally all dimensions from the elevation that can be so 
obtained, and laying off the others from the center line m m’. 

The irregular curves in this view, which represent parts of 
the outlines of the sides of the hanger, may be drawn in approxi- 
mately, as shown in the drawing plate; but if it is desired to 
construct them, a side view will be necessary. Such a view 
(shown in Fig. 81) can be constructed from the sections on A B, 
CD, EF, and GH given on the plate. Then, in the manner 
shown in Fig. 81, suitable points can be projected from this 
side view to intersect the curved lines of the frame in the ele- 
vation. These points of intersection can then be projected 
to the plan view above, and the width of the frame can be 
transferred at each point. 

Finally draw the four sections of the main frame at the left- 
hand upper corner of the plate. There should be no difficulty 
with these. 

In lettering the material list, note that part 8 is called for 
twice, it being plainly evident from the assembly that two 
adjusting screws are necessary, and also that four hexagonal 
nuts, part 9, are required for parts 8 and 8. Six patterns are 
called for to complete the hanger, although part 4 could be 
produced from pattern D, which is made for part 5. It is 
probable, however, that of standard parts of this sort large 
numbers will be made, and it is therefore advisable to call for 
patterns for each part. 
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PLATE 1013, TITLE: GEAR-TEETH PROFILES 


147. The style of drawing shown in Plate 1013 is of a 
diagrammatic nature, its purpose being to show the theory 
and construction of gear-teeth in general, while Plates 1014 
and 1015 are drawings of two common types of gear-wheels. 
This plate is drawn full size. 


148. The Cycloid.—If a circle is rolled on a straight line 
without sliding, a point on the circumference of the circle will 
describe a curve called a cycloid. The circle is called the gen- 
erating circle. The shape of the curve and the manner of draw- 
ing it are shown in Fig. 1 on the plate. Let O be the center 
of the generating circle, which is 1? inches in diameter, P the 
point on the circumference of the generating circle, and AB 
the straight line on which the generating circle is rolled and 
which is equal in length to the circumference of the generating 
circle, or 13’ 3.1416=5.4978, say 55, inches. The generating 
circle should be so placed that its center O lies over the center 
of the line A B, as shown. 

On the plate, locate the point O 14 inches below the top 
border line, and 32 inches from the left-hand border line. Divide 
the generating circle into any number of equal parts, in this 
ease 12, or Pi, 1-2, 2-3, 3-4, etc., and through these points 
draw lines CD, EF, G H, etc., parallel tothe line A B. Through 
the center O of the generating circle draw the radius O6. 
Divide the line A B into the same number of equal parts as 
the generating circle is divided into, as A 1, 1-2, 2-3, etc., and 
through these points draw lines perpendicular to AB termi- 
nating in the line G H,.as AG, {=1’, 2-2’, 8-3’, ete. From the 
point 1’, with a radius equal to the radius of the generating 
circle, as O 6 or 1’-1, describe an arc intersecting the line K L 
in the point P!; from the point 2’, with the same radius, inter- 
sect the line J / im the point P?: from the point 3’, with the 
same radius, intersect the line G H; continue in a similar man- 
ner with the remaining points 4’, 5’, 7’, 8’, etc., intersecting the 
linesEF andCD in the points P!, P®, P’?, P§, etc. The 
points A, P', P?, P’, etc. are points in the curve through 
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which: the cycloid may be drawn. It will be noticed that 
when the center O of the generating circle coincides with the 
point G, the point P on the circumference of the generating 
circle «coincides with the point A; and that when the gener- 
ating circle is revolved toward the right, without sliding, until 
the center O coincides with the point 1’, the point P will coin- 
cide with the point P'. Thus it is seen how the point P passes 
through all the points from A to B, namely, A, P!, P?, P?, etc., 
when started at A and revolved toward the right to B. 


149. The Epicycloid.—lIf the generating circle is rolled, 
without sliding, on the outside of the circumference of an arc 
of a circle supposed to be at rest, instead of being rolled on a 
straight line, the curve described by a point P of the generating 
circle will be an epicyclord. 

The manner of drawing such a curve is shown in Fig. 2. 
A 6 B is the are upon which the generating circle is rolled, its 
center being at S and its radius being 3} inches. Locate the 
center S 33 inches from the left-hand border line and 5} inches 
from the bottom border line. The diameter of the generating 
circle is in this case the same as in Fig. 1, or 1? inches. Make 
the lengths of the arcs 6 A and 6 B each equal to half the 
length of the circumference of the generating circle. To do 
this, first calculate the length of half the circumference of the 
generating circle. Then, tangent to the arc 6 A at 6, draw a 
straight line of a length equal to the half circumference just 
found, and make the arc 6 A equal to it in length by means 
of the approximate method given in Geometrical Drawing, Part 2, 
Problem 20. The arc 6 B is of like length, and the whole 
arc A 6B therefore is equal in length to the circumference of 
the generating circle. Divide the arc A 6 B and also the gen- 
erating circle into the same number of equal parts, in this 
ease 12, as Al, 1-2, 2-38, etc., and P1, 1-2, 2-3, etc., and 
draw radii from the center S to the points of division on the 
atc A6 B. During the revolution of the generating circle, the 
center O will-describe an are m O n concentric with the are A 6 B 
and having the same number of degrees in it as A6 B. Pro- 
duce the radii just drawn to the arc of center positions m O n, 
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intersecting this arc in the points m, 1’, 2’, 3’, 4’, etc. Through 
the points of equal divisions, 7, 2, 3, etc., of the generating 
circle describe concentric arcs having the center S, as CD, EF, 
GH, IJ, and KL. With the pomts 172,32, 4’,..ete. as cen= 
ters and radii equal to the radius of the generating circle describe 
apes cuttine thearcsh Ld J; GA, ete im the points P27 
etc., which are points on the epicycloid. 


150. The Hypocycloid.—When the generating circle rolls 
on the inside of the arc, as in the lower part of Fig. 2, the curve 
described by a point on the circumference is called a hypocyclotd. 
The method of drawing it is similar in all respects to that just 
given for the epicycloid and it should be possible to construct 
it from the drawing without further explanation. The diameter 
of the generating circle is 1 inches as before. 


151. The Involute.—Suppose that a string is wound on 
a cylinder and that, when wound up, the outer end of the string 
is at the point P in Fig. 3. If this string is unwound from the 
cylinder, keeping it constantly tight, the end P will describe 
a curve known as the znvolute of the circle, or, more simply, the 
involute. ‘To construct such a curve geometrically, let O be the 
center of the given circle representing the cylinder, which, in 
Fig. 3, is 24 inches in diameter, and P the free end of the string 
when wound on the cylinder. Locate point O 4§ inches from 
the left-hand border line and 2? inches above the bottom border 
line. Divide one-half of the given circle into any number of 
equal parts, in this case 6, as P 1, 1-2, 2-3, etc., and through 
each of these points draw tangents to the circle, as P!, P?, P3, 
etc. To draw these tangents, first draw the radii O 1, O 2, O 3, 
etc. and then draw the tangents 1 P!, 2 P?, 3 P3, etc. at right 
angles to them. By means of the approximate method given 
in Geometrical Drawing, Part 2, Problem 21, find the length of 
the arc 1 P and make the length of the tangent 1 P! equal to 
this length; of the tangent 2 P? equal to twice this length; of 
the tangent 3 P® equal to three times this length, and so on. 
The curve drawn through the points P!, P?, P,.P4, etc. will 
be the required involute. The use of these curves will now be 
explained. 
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152. Terms Applied to Gearing.—On Plate 1014, in 
Fig. 1, is shown one-half of two spur gear-wheels in mesh. 
The two dash-and-dot circles tangent to each other at P are 
struck from the centers of the gear-wheels and are called the 
pitch circles. The diameter of any gear-wheel is always under- 
stood to be the diameter of its pitch circle unless it is specified 
as diameter at root, or diameter over all. The length of that part 
of the pitch circle between the centers of any two consecutive 
teeth is called the circular pitch, or simply the pitch. Thus, 
in Fig. 1, Plate 1014, the length of the arc ab is equal to the 
pitch of either gear-wheel. When the gear-wheels are cut 
in a gear-cutter, the width of the tooth cd on the pitch line 
is equal to the space df; that is, the arc cd is equal to the 
are df, and each is equal to half the pitch. When the gear- 
wheels are cast, that is, when they are not cut in a gear-cutter, 
clearance is given between the back of one tooth and the front 
of the tooth following, to allow for inequalities in casting. 
This clearance, or backlash, as it is usually termed, is generally 
made equal to 4 per cent. of the pitch. This is done by making 
the thickness of the teeth c d equal to .48 of the pitch. 

The part CC, of the tooth that lies beyond the pitch circle 
is called the addendum, and the part CC, that lies below it 
is called the root. The face of the tooth 1s the part CC,C’C, 
Fig. 2, of the tooth above the pitch circle, extending the whole 
width of the tooth. The flank is the part CC,C’’C, Fig. 2, 
of the tooth below the pitch circle, extending the whole width 
of the tooth. The terms addendum and root mean distances 
only, while face and flank mean surfaces. 

The usual practice is to make the addendum equal to .3 p, 
and the root equal to .4 p, where p=circular pitch. The dis- 
tance C, Cy is called the whole depth of the tooth. 


153. Cycloidal Teeth.—The method of describing the 
curves of teeth shown on the Plate 1018, Fig. 4, is a convenient 
way of drawing the cyclotdal, or double-curved, teeth. Cycloidal 
teeth are constructed by making the outline of the face a part 
of an epicycloid and the flanks a part of the hypocycloid, hence 
the name double-curved teeth. 
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In drawing Fig. 4, let AB be part of a pitch circle struck 
with a radius of 54 inches, the center O being 7} inches from the 
right-hand border line and 8 inches below the top border line. 
For convenience in drawing the tooth, let the pitch be 2 inches. 
With O asa center, which is the center of the gear-wheel, and a 
radius of 54 inches, describe the arc A B, part of the pitch circle. 
Through O draw a straight line OS, cutting AB in P. Make 
the radius of the generating circles SP and S’ P 1 inches for 
this case and describe arcs having centers at S and S’ on the 
line OS. With O as center and OS as radius describe the 
arc S; S,. In connection with the gear-wheel teeth, the gener- 
ating circles are frequently called describing circles. Roll the 
outer describing circle upon A B in such a manner that the cen- 
ter S will move in the direction of the arrow along the arc S» Si. 
By means of the method given in Fig. 2, find the points 
FP}, P?, P?, etc. on the epicycloid described by the point P. 
Trace a faint curve through the points just found and measure 
off the thickness of the tooth on the pitch circle, where 

PD=.A8 p= A8X2” = 96 inch 

Make EF =the addendum =.3X p=.3 X2””=.6 inch. 

With O as a center and OF as a radius describe an are cut- 
ting the epicycloid in G. Now roll the inner describing circle 
on AB, so that its center S’ moves in the direction of the arrow, 
and find the points P;, P2, P3, etc. of the hypocycloid described 
by the point P, through which trace a faint curve. Make EF’ 
equal the flank of the tooth=.4 p=.4X2”’"=.8 inch, and with O 
as a center and OF’ as a radius describe an arc cutting the 
hypocycloid in G’.. PG’ is the outline of the flank of the tooth 
and PG that of the face. 


154. Approximate Tooth Curves.—Since it would be a 
tedious operation to draw all the tooth curves in this manner, 
it is usual to approximate the curves by means of circular arcs; 
that is, to find by trial a center Q and a radius OP such that 
an are described from this center and with this radius will pass 
through the points on the curve GP and coincide with that 
curve as closely as possible; also, to do the same with regard 
to the curve PG’, using the center Q’ and the radius OQ’ P. 
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To find the center Q or Q’ of these circular ares proceed as 
follows: With P andG as centers and any radius, describe 
arcs intersecting in C and C’. Draw a straight line through C 
and C’; the center Q must lie on CC’ to the left of GP. Try 
different points 1, 2, 3, 4, etc. on this line as centers and 1G, 2G, 
etc. as radii, and see if one of the arcs struck with either one of 
these centers and radii will coincide with the epicycloidai 
curve GP. Make this circular arc fit the curve for a short 
distance beyond G—as far as P®, for example; this will insure 
the arc being more nearly correct. This should be done in 
every case when finding an approximate radius of this kind. 
Continue in this manner until the point QO is found such that 
an are struck with Q as a center and OG or OP as a radius 
‘will coincide as closely as possible with GP. If a circle were 
drawn with O as a center and OQ as a radius, the centers of 
all the circular arcs of the faces of the teeth would lie in this 
circle, and the radii of these arcs would be equal in length to OP. 
Hence, to find the center Q; of the arc D H forming the back 
of the tooth, take D as a center and QO P as a radius and describe 
a short are cutting, in Qi, the circle passing through Q. Then, 
with Q; as a center and the same radius, describe the arc D H. 
In a similar manner find the center Q’ and describe PG’, also 
DH’. Instead of letting the flank form a sharp corner at the 
bottom of the tooth, as showrt dotted at G’, it is usual to put 
a small fillet there, as shown by the full line. This makes the 
tooth stronger and less liable to break or to crack in casting. 
The entire tooth outline or curve GPG’ or H D H’' is called the 
profile of the tooth. 


155. Rack.—Asa radius of a circle is increased indefinitely, 
any arc of the circle approaches more and more to a straight 
line, and when the radius becomes infinite, the are becomes a 
straight line. 

A rack is a bar provided with teeth whose pitch circle is a 
straight line; the tops of the teeth all lie in the same plane. 

A portion of a rack and one tooth are shown in Fig. 5. Make 
the pitch the same as before, then the addendum and root are 
also the same, that is, .6 inch and .8 inch. Make the radius of 
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the describing circles 17 inches, as before, and locate the center 
of the upper describing circle 4,9; inches above the bottom border 
line. It is evident that the tooth profile will be formed of parts 
of cycloids formed by rolling the describing (generating) circle 
upon the pitch line AB. Draw a small part of the cycloidal 
curves, as shown in the figure, by the method given in Fig. 1; 
lay off the addendum and root and find the approximate radius 
in the same manner as in the last figure. The centers of the 
curves for the faces and flanks of all the teeth of the rack will 
evidently lie on the straight lines passing through Q and Q’, 
_Tespectively, and parallel to the pitch line A B. 


156. Involute Teeth.—In Fig. 6 is shown the manner of 
drawing the znvolute, or single-curve, tooth, and in Fig. 82 the: 
same construction is shown in more detail. The profile in this 
case is formed of a portion of an involute curve combined with 
aradial line. The circle from which the involute is constructed 
is called in this case the base circle. To find the base circle, 
draw the are A B, which is part of the pitch circle, with a radius 
of 53 inches and having its center at O. Locate this center 
22 inches from the right-hand border line and 12 inches above 
the bottom border line. 

Draw any radial line, asOW, cutting the are AB in D. 
Through D draw the straight line E F, making an angle of 75° 
with OW. With O as a center and a radius to be found by 
trial, draw a circle tangent to EF. ‘This circle, of which the 
arc HG is a part, is the base circle, and cuts O Win P. Upon 
this circle construct, in exactly the same manner as was shown 
in Fig. 3, a portion of an involute curve passing through P. 

In Fig. 82 it 1s clearly shown how the method given in Fig. 3 
is applied to this case. Lay off the addendum J K =.6 inch, 
and with O as a center and O J as a radius describe an arc to 
form the top of the tooth, intersecting the involute in L. That 
part of the flank below the base circle is straight and is a part 
of the radius drawn to the point P. K I’ is the root. The 
tooth has a fillet at L’ and k’, as in cycloidal teeth. A circular 
arc is passed through the points L and P, coinciding as nearly 
as possible with the involute curve L P. Its center Q is found 
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in the same manner as in Fig. 4, the application of the method 
to this particular case being shown in Fig. 82. 

The radius for the curve LP is found in the following man- 
ner: From L and P with the compass set to any convenient 


length draw arcs intersecting at C and C’. Through the points 
of intersection of these arcs, draw a straight line connecting C 
and C’. The center Q must lie on this line. By trial find a 
point from which an arc can be drawn that will pass through 
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the involute curve L P. For involute teeth it is only neces- 
sary to find the one center Q; the centers for all the remaining 
teeth lie on a circle having O as a center and passing through Q. 
To draw the other side of the tooth, refer to Fig. 6. Lay off 
on the pitch circle M N =.96 inch, sameas PDin Fig. 4. With 
M as a center and OQ N=Q P as a radius draw an arc cutting, 
at Q,, the circle passing also through Q; with Q: as a center 
and the same radius describe the part P’ R of the tooth profile 
above the base circle. The part P’R’ below the base circle 
is a part of. the radius OP’. 


157. In drawing any of the curves previously described, 
the greater the number of parts into which the describing, or 
base, circles are divided, the greater will be the accuracy obtained. 
The profile of the rack tooth used for involute gears is a straight 
line making an angle of 15° with a line drawn perpendicular 
to the pitch line. Its construction is shown in Fig. 7, the 
dimensions of the tooth being the same as in Fig. 6. 


DEFINITIONS AND CALCULATIONS 


158. When a revolving shaft transmits motion to another 
shaft parallel to it, by means of gear-wheels or tooth-wheels, 
whose outer rims are provided with teeth parallel to the shafts, 
the two gears are called spur gear-wheels. When the shafts 
are not parallel, but their axes intersect in a point, as O in 
Plate 1015, they are called bevel gear-wheels. If two bevel 
gear-wheels that work together have pitch diameters of the 
same size, they are called miter gear-wheels. 

From what has preceded, it is evident that the circular pitch 
multiplied by the number of teeth equals the circumference of the 
pitch circle. 

Let p=circular pitch of gear-wheel; 

n=number of teeth; 
d=pitch diameter ; 
m7 =3.1416 (7 is pronounced pi). 
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or, the diameter of the pitch circle equals the circular pitch mul- 
tuplied by the number of teeth divided by 3.1416. 
at = 
n 
or, the circular pitch equals the pitch diameter multiplied by 3.1416 
divided by the number of teeth. 


ie (3) 
P 
ot, the number of teeth equals the pitch diameter multiplied by 
8.1416 divided by the circular pitch. 

When constructing cycloidal teeth for gear-wheels, the diam- 
eters of the describing circles are usually made equal to one-half 
the diameter of the pitch circle of a gear-wheel having 12 teeth 
of the same pitch as those of the gear-wheel about to be made. 

Let ad’ be the diameter of the describing circle; then, 

Pye ord’ 92) 
T Tv 

Addendum=.3 p; root=.4 ~; thickness of teeth for cast 

gears is .48 p, and for cut gears } p. 


d'= 


PLATE 1014, TITLE: GEAR AND PINION 


159. Plate 1014 shows the halves of two cast gear-wheels 
having cycloidal teeth, which work together; also a cross- 
section of each gear is given. The drawing is full size, the 
wheels not being shown entire for want of space; to have done 
so it would have been necessary to make the drawing to a 
reduced scale. The pitch is 1 inch, the number of teeth in the 
large gear is 36, and in the small one 18. The pitch diameter 
of the large wheel is found by formula 1 to be 


_ 1X36 


dad =——_ = 11 46 inches, nearly 
3.1416 
The pitch diameter of the small gear 
IS. 2 


=— = - = 5,75 inches, nearly 
: 3.1416 
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The diameter of the describing circle is found by formula 4 
to be 
d= ©*" ~ 1 91 inches 
3.1416 


For all practical purposes, the diameter of the describing 
circle may be taken to the nearest 16th inch. For circular 
pitches under 4 inch, approximate the diameter of the describing 
circle to the nearest 32d inch. To find the nearest 16th or 
32d, multiply the decimal part of the diameter by 16 or 32 
and take the nearest whole number of the product as the num- 
ber of 16ths or 32ds that the decimal represents. Thus, in the 
above, the decimal part of the diameter is .91 inch; .91X16 
=14.56. The nearest whole number to 14.56 is 15; hence, 
the diameter of the describing circle is 148 inches. If the 
diameter had been required to the nearest 32d, .91X32=29.12, 
and 29 is the nearest whole number; hence, the diameter would 
be 12% inches. In this case, take the diameter as 1% inches, 
approximating to the nearest 16th for all circular pitches above 
2 inch. The addendum will be .3X1=.3 inch; the root will 
be .4X1/’=.4 inch; and the thickness of the tooth on the pitch 
circle will be .48X 1” =.48 inch. 

Draw the line of centers OO’ between the two axes and locate 
the point O 4,3; inches from the left-hand border line. With O 
as, a center describe a semicircle having a diameter of 11.46 
inches, cutting OO’ in P. With O’, which is 44 inches from 
the right-hand border line, as a center describe a semicircle 
having a diameter of 5.73 inches which shall be tangent to the 
first semicircle; this semicircle also cuts OO’ in P. These are 


parts of the pitch circles. Divide the larger semicircle into 


or 18, equal parts by using the protractor. This is accomplished 
by laying the protractor on the drawing in such a manner that 
the center of the protractor coincides with the center O of the 
gear-wheel and then laying off on the pitch circle 18 divisions, 
each equal to 10°. The reason for this will be clear when it is 


aie 
remembered that there are 360° in a circle, or 360 =180° in 


a semicircle, and as there are 18 teeth in the semicircle, 180° +18 
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=10°, which is the angle between two lines drawn from the 
centers of any two consecutive teeth to the center O. Ina like 
manner, any circle may be divided into parts by using the pro- 
tractor. 

Make C C,\=.3 inch=addendum, and C C,=.4 inch=root. 
With O as a center and OC, and OC, as radii, describe semi- 
circles, which are parts of what are called addendum and root 
circles, to represent the tops and bottoms of the teeth. Con- 
sider the points of division just laid off on the pitch circle as 
the centers of the teeth, and lay off on each side one-half of the 
thickness c d of the tooth, or .484=.24 inch. . Upon another 
sheet of paper strike a short arc of the pitch circle of the large 
gear and construct the profile of the tooth as described in con- 
nection with Fig. 4, Plate 1013, using describing circles 14% 
inches in diameter. (Send in this pencil work with the plate 
for correction.) Having found the centers Q and Q, of the 
_ circular arcs used for the profiles of the teeth, draw circular 
arcs through these centers, as previously described; then, with O 
(see Plate 1014) as a center and the same radii describe semi- 
circles; these semicircles will contain the centers of the circular 
arcs which form the teeth profiles. With the point A as a cen- 
ter and a radius equal to the radius of the face of the tooth 
(found on the other sheet of paper), describe an arc intersecting 
the circle of face centers at Q. With Qasacenter and the same 
radius, describe the are A D for the face of the tooth, the point D 
being the point of intersection of A D with the addendum circle. 
In the same way draw the remaining faces of the teeth. To 
draw the flanks take a point representing the intersection of a 
tooth profile with the pitch circle (the point 6, for example) as 
a center and a radius equal to the radius of the flank found on 
the other paper on which the tooth profile was drawn, and 
describe an arc intersecting the circle of the flank centers in Q). 
With Q,; as a center and the same radius, describe the flank 
curve, stopping at the root circle. Draw the flanks of the 
remaining teeth in the same way and then put in the fillets. 
The teeth of the pinion should be constructed in the same man- 
ner except that a short arc of the pitch circle of the pinion is 
used in the pencil construction. 
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Fig. 2 is a conventional method of drawing cross-sections 
of gears. Draw the vertical center line of this figure 2 inches 
from the left-hand border line and that of Fig. 3 2 inches from 
the right-hand border line. The hubs and rims are sectioned, 
but the teeth and arms are not. This is similar to the wheel 
shown on Plate 1005. This method of sectioning makes the 
views clearer and saves the time spent in sectioning. It will 
be seen from this cross-section, that the inside of the rim is 
not straight but decreases in diameter toward the vertical 
center line of the gear. If the lines representing the inner 
side of the rim at both sides of the arms are produced, they will 
intersect the center line at one point, which is jg inch below 
the point of intersection of a straight rim. The thickness of 
the rim at this point is indicated in the elevation, Fig. 1, by a 
circle 4 inch nearer the center of the gear than the circle which 
represents the inside of the rim. The same remarks apply to the 
elevation and section of the pinion. 

In Fig. 3 the entire gear is sec- 
tioned, except the teeth. There 
should now be little difficulty in 
finishing the plate without fur- 
ther instructions. 


PLATE 1015, TITLE: 
BEVEL GEARS 


160. On Plate 1015 are to be 
drawn in section and projection 
two cast bevel gears whose axes 
intersect at right angles. The 
number of teeth in the large gear is 20, in the pinion 16. 
The circular pitch is 1 inch; the teeth are to be of the cycloidal 
form, having a’face 2 inches wide. The perspective view of 
these gears given in Fig. 83 will give a clearer understanding 
of their appearance. In any kind of gearing, whether spur, 
bevel, or spiral, the smaller wheel is called the pinion. 

Calculate the pitch diameters, addenda, roots, and describing 
circles by the same rules that were given for spur gears. 
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Go 


161” 
3.1416 
Diameter of the large ee = 6.37 inches 
3.1416 
x g Ae 
3.1416 


Take 1.91 as 14% inches, as in the last plate. 

Addendum=.3 inch; root=.4 inch. The sectional view, 
Fig. 1, must be drawn first. Draw PP’ and through some 
point P’ on this line draw P’ P; perpendicular to it. Locate 
the point P’ 43% inches from the right-hand border line and 
47 inches below the top border line. Lay off P P’ equal to the 
diameter of the pinion=5.09 inches; also P’ P; equal to the 
diameter of large gear=6.37 inches. Bisect PP’ and P’P,, 
and draw O M and O N perpendicular to those lines at the point 
of bisection; they intersect in O. OM and O N are the axes of 
the two gears and intersect at right angles as required. Draw 
POP, and P’O. Through P draw A PM perpendicular to 
OP. Through P’ draw M P’N perpendicular to O P’, and 
through P; draw P; N perpendicular toOP, PM and P’ M 
intersect at M on the line OM; P’ N and P,N intersect at 
N, on the line ON. Lay off P’C’, PC, and PiCi, each equal 
to 2 inches, or the width of the face of the teeth; these lines are 
called the pitch lines, and the width of the face of the teeth 
is always measured on these lines. Lay off PA equal to .3 inch 
=the addendum, and PB equal to. 4inch=the root. Layoff P’E 
and P’ D for the addendum and root of the other side, and P’ E’ 
and P’ D, for the addendum and root of the large gear. All 
these addenda and roots are each equal to .3 inch and 4 inch, 
respectively. In bevel gears, all straight lines of the tooth 
profiles pass through the point of intersection O of the axes; 
hence, draw AO, and A A’ will be the projection of the top of 
the tooth. Draw BO, and BB’ will represent the bottom of 
the tooth, the line A’C B’ being perpendicular to OP. Make 
BF’, DF, D, Fy, etc. each equal to $ inch, according to dimen- 
sions. Join F’, F, Fy, and F, with O, intersecting the perpen- 
diculars through C, C’, and C; (namely, the lines A’C B’, etc. 


Diameter of pinion = = 5.09 inches 


Diameter of describing circle= = 1.91 inches 


134 MECHANICAL DRAWING $14 


produced) at G’, G, Gi, and G,. G’Gand GG, will represent the. 
bottom of the gears. The rest of the sectional part can be 
drawn from the dimensions. 


161. To show the shape of the teeth, proceed as follows: 
For the large gear, take N as a center, N P’ as a radius, and 
describe an are. Choose a point H and lay off H H’=.48 times 
the pitch=.48 inch, or the width of the tooth. With NE’ 
and ND, as radii, describe the addendum. and root circles. 
Roll the describing circles upon the arc whose radius is N P’ 
and construct the tooth profile in exactly the same manner as 
in Fig. 4 of Plate 1013, QH and Q, H’ being the radii of the 
faces and flanks. To show the shape of the same tooth at C’, 
draw C’ N’ perpendicular to OP’, or, what is the same thing, 
parallel to NP’. With N’C’ as a radius and N as a center, 
describe anarc. Draw N H and N H’, and the distance between 
the points of intersection on the arc just drawn, measured on 
that arc, will be the pitch of the gear at the bottom of the tooth. 
With the same center and N’ F, and N’ F, as radii, describe arcs 
representing the addendum and root circles. Draw N Q and 
N Q,, also QH and Q,H’. Through kK draw K Q’ parallel to 
H Q, and through K’ draw K’ Q2 parallel to H’ Q;; the points 
of intersection Q’ and Q» of these lines with NQ and N Q, 
are the centers for the face and flank of the tooth at K and K’. 
Circles passing through these points concentric with N contain 
the centers of all the circular arcs forming the tooth profiles 
that may be laid off upon the are whose radius is N K. The 
whole process is called developing the teeth of bevel gears. 

In the same manner construct the tooth curves for the 
pinion, using the same describing circles, 14% inches in diam- 
eter, and MP’, M’C’ as radii, instead of NP’ and N’C’. 


162. To construct the other view, draw first the projec- 
tion of the pinion. Draw the center line mn 4 inches from 
the left-hand border line. Produce the lines FF’, DB, P'P, 
and FA across the drawing, as shown. Choose a point S on 
mn as a center and draw a quadrant with a radius, as SP, 
equal to the radius of the pinion. Project the points D and E 
upon MO in D, and £3. With S as a center and the distances 
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F3F and D:D as radii, describe quadrants to represent the tops 
and bottoms of the teeth, that is, the projection of the adden- 
dum and root circles of the pinion in Fig. 2. Since the whole 
pinion contains 16 teeth, the quadrant will contain 4 teeth; 
hence, divide the quadrant into 4 equal parts on the pitch 
circle to represent the centers of the teeth. Lay off on each side 
of the points of division distances ge and gb, each equal to 
one-half the thickness of the tooth (as measured at I I’, Fig. 1). 
On each side of the points of division on the addendum circle 
lay off h f and hc, each equal to one-half the thickness of the 
top of the tooth on the addendum circle (as measured at J Kk, 
Fig. 1). On each side of the points of division on the root 
circle lay off 7d and za, each equal to one-half the thickness 
of the tooth at the root, as O P, Fig. 1, measured on the root 
circle. Having now three points on each side of all the teeth to 
the right of the center line m n, project them upon the lines FA, 
P’P, and DB, produced as shown. For example, project f 
and ¢ upon. A an jf’ and c’;¢ and-b upon PP in e’ and b’: 
d and a upon DB in d’ and a’. Draw a curve through these 
points, either by using an irregular curve or by circular arcs. 
This remark also applies to the other curves shown in the 
quadrant. 


168. The tooth curves in Fig. 1 must be drawn as accu- 
rately as possible, but those shown in Fig. 2, being oblique 
projections, are drawn to satisfy the eye, and no particular 
accuracy is required. To find the points on the tooth curves 
at the bottom of the pinion, describe a circle, having a cen- 
ter O2 upon mn, which shall be tangent to PP’ and have a 
diameter equal to 6.37 inches=the diameter of the large gear. 
Through B’ and A’, Fig. 1, draw lines parallel to OO:; also 
draw other lines through O, and the points a’, f’, c’, etc., cut- 
ting the lines first drawn in a”, f’’, c’’, etc. Two points are 
considered enough in this case, as the curves are very short. 
They may be drawn in with the irregular curve in the same 
manner as the tops. The other teeth are drawn in a similar 
manner. Draw the middle tooth first. The left-hand half 
of the pinion is exactly the same as the right-hand half. 


154—18 
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164. To draw the projection of the large gear, project 
the points E’, D,, L, and R upon the axis O N, in the points F4, 
Ds, Ly, and Rj, and with O, as a center and radii equal to £4 E’, 
D;D,, LL, and RR, describe circles to represent the adden- 
dum and root circles of the tops and bottoms of the teeth in 
Fig. 2. Divide the pitch circle into 20 equal parts, to corre- 
spond with the number of teeth in the large gear, beginning 
with a point 4 inch from the point of intersection of the pitch 
circle with the center line mn. Lay off on each side of these 
pitch-circle divisions, distances equal to one-half the thickness 
of the teeth=one-half of H H’ in Fig. 1. By exactly the same 
method that was used to lay off the thickness of the teeth at the 
top and bottom on the quadrant, lay off the thickness of the 
top and bottom of the teeth on the addendum and root circles 
in Fig. 2. Draw the bottoms of the teeth in exactly the same 
manner as the bottoms of the pinion teeth were drawn. All 
the teeth of the large gear are alike in the projected view. 


165. Bevel gears are always measured according to their 
largest pitch diameter, as PP’ and P’ P,. If a bevel gear were 
spoken of as 12 inches in diameter, it would be understood that 
the largest pitch diameter was 12 inches. 
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(PART 3) 
DRAWING PLATES— (Continued) 


PLATE 1016, TITLE: DRIVING PULLEY, 
FLYWHEEL, AND CRANK-SHAFT 


1. Plates 1016, 1017, 1018, 1019, and 1020, which are to be 
drawn in the order mentioned, are the details of a steam engine, 
the assembly drawing of which is to be shown in Plate 1021. 
Together, these plates form the complete drawings of a steam _ 
engine, and the design is one that will give a great deal of prac- 
tice in laying out various mechanical details. 


2. Of the parts shown on Plate 1016, the pulley and fly- 
wheel should easily be constructed without any additional 
explanation, by simply following the instructions given in con- 
nection with Plate 1005. Locate their horizontal center lines 
4,® inches below the upper border line and the vertical center 
lines of the two views of part 1, 43 inches and 7 inches, respec- 
tively, from the left-hand border line. The vertical center 
lines of part 2 should be 42 inches and 13 inches, respectively, 
from the right-hand border line. 

Part 3 is a forged-steel crank-shaft, on one end of which 
is to be mounted the driving pulley and on the other end the 
flywheel, both held in position by keys partly sunk into the 
shaft and partly into the hubs. The crank-shaft consists of 
the shaft proper and of two arms projecting at right angles, 
called the webs, which are connected by a short stud-like part, 
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the crankpin, The vertical center line of the flywheel is 
112 inches (see Plate 1016) from that of the crankpin, the 
latter center being coincident with that of the cylinder and 
connecting-rod, while the center line of the driving pulley is 
114 inches to the other side of the crankpin center. It should 
be noticed that on the plate the abbreviation ¢ has been used 
for the term center line, 

After the flywheel and driving pulley have been mounted on 
the shaft, the latter is placed in the, bearings of the engine 
frame. The centers of these bearings are indicated as being 

4 inches to either side of the crankpin center. It will be 
noticed that the two keyways are not alike, the one for the 
driving pulley being cut clear to the end, while the one for 
the flywheel stops a short distance from the end. The stroke 
of the engine is determined by the distance between the hori- 
zontal center line of the crankpin and that of the shaft. This 
distance is here 4 inches and the stroke will therefore be 
4X2=8 inches. 

The shaft is 24 inches in diameter ; the web is 2? inches wide 
by 14 inches thick and rounded off to a radius of 6% inches. 
Locate the center line of shaft 3 inches above the lower border 
line, and the vertical center line through the crank and end 
view of shaft 442 inches and 9# inches, respectively, from 
the left-hand border line. 


PLATE 1017, TITLE: ENGINE FRAME 


3. On Plate 1017 are shown plan, elevation, end view, and 
cross-section of the engine frame, also details of bearings and 
caps, all drawn to a scale of 3”=1 ft. The elevation and plan 
are to be drawn together. Locate the center lines of these two 
views 2? inches and 6} inches, respectively, below the upper 
border line and extend the lower one the whole length of the 
plate, as it is also to serve for the end view. The vertical center 
line, which in both views passes through the center of crank- 
shaft, should be 2; inches from the right-hand border line. 
Locate the main horizontal dimensions from this center line. 
Draw the base line of the elevation 9 inches (to scale) below 
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the center of the crank-shaft and make the base of the pedestal 
at crank-shaft end of frame 114 inches long and 154 inches 
wide. The position of the center line of the base at the cylin- 
der end is found by laying off 3 feet 34 inches (the distance 
between shaft center and cylinder end of frame) and then 
measuring back 8 inches; the base at this end is 14 inches long 
by 93 inches wide. 

The cross-section taken at A A indicates the shape of the 
frame, showing that the latter, on the whole, is cylindrical. 
The elevation shows that the 
lower part of the frame curves 
downwards before joining the 
base under the crank-shaft. 
The form of the curves of the 
upper and the lower parts of 
the frame as they appear in the 
elevation are determined by 
locating the number of points 
from the vertical and horizon- 


tal center lines and base line, as 
shown by the dimensions on 
the drawing. The points are 
then joined by lines drawn with 
the irregular curve. Before 
joining the upper curve to the 
cylindrical part of the frame, 
draw first the bead-like rib 
seen at this end, indicated by a 
circle # inch in diameter (see 
section AA) and draw the 
curve tangential to this circle. 
The pedestal is pyramidal in 
shape, as seen in the elevation, with a semicircular opening in 
the top. To show this opening properly in the plan view, the 
special construction shown in Fig. 1 is required, in which 
the lower view represents the end of the frame in elevation. 
The semicircle, 62 inches in diameter, representing the lower 
part of the opening, is supposed to have been turned at right 
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angles about its vertical radius so as to lie in the plane of the 
paper. Only a quarter circle has been shown—the other part 
being symmetrical to it—and this has been divided into four 
equal parts, as shown at ab, bc, cd, and de. From these 
division points, projectors are drawn at right angles to side of 
frame, as indicated by lines a a,, b b,, ¢ ¢,, and d d,. 

A plan view of the opening is now to be drawn above the 
elevation by first drawing the semicircle a, e, a, representing 
a plan of the opening, 
and dividing it in eight 
parts, since the whole 
semicircle is shown here. 
Draw horizontals from 
the pomtsa,, 02, 65;-ete., 
letting them intersect 
verticals from the 
points @; by.¢,; €te, the 
points of intersection be- 
ing points on the curve, 
as shown at dz, bz, Cs, 
etc. Draw horizontals 
through the two points 
a, toward the center line. 
Then ka, e, 4,1 will in- 
dicate the outline of the 
opening as it would ap- 
pear in the plan view if 
the bearings did not pro- 
ject beyond the sides of 
the opening. Verticals have been shown as intersecting the 
horizontals from only the lower half of the semicircle, but it is 
understood that they should be continued so as also to intersect 
those in the upper half, this part of the view being symmet- 
rical on the lower half. 


Fre. 2 


4. The face of the crank-shaft bearing is inclined at an 
angle of 45° with the horizontal, and has two #}-inch studs 
tapped into the frame for each cap. The two halves of the 
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bearing are partly lined with Babbitt 4 inch thick, the bearing 
itself being made of bronze. For aid in drawing these bear- 
ings in the plan view, reference should be made to Fig. 2. 
The method employed is identical with that used in Fig. 1, and 
for this reason no detailed description is given. The dimen- 
sions aa, of the plan view in the main elevation in Fig. 2 are 
derived from the plan view of the cap, part 4, the outlines 
being identical for both parts. The outlines of the stud holes 
and the curved parts of the frame adjoining them are divided 
into a convenient number of parts, and these points are pro- 
jected to the main elevation. Another plan view b b,, located 
as shown in Fig. 2, is subdivided in a similar manner, and 
from the points of division horizontal projection lines are 
drawn intersecting vertical lines drawn from the elevation at 
the points indicated. When these points are joined by circular 
arcs, the centers of which must be found by trial, the true out- 
lines of frame and holes as they will appear in the plan will 
be found. 


d. The walls of the frame are 2 inch thick and have raised 
surfaces that are bored for the crosshead slide, as indicated 
in the end views and by means of dotted lines in the plan view 
and the elevation. These surfaces are 12 inches long and 
bored to a diameter of 6} inches, the centers of the surfaces 
being 154 inches from the end of the frame. There is at the 
center of the upper surface a grease or oil receptacle through 
which the crosshead is oiled. Near the end of the opening in 
the side of the frame will be seen the two bosses that support 
the valve-stem guide by means of two j-inch studs 4{ inches 
long with hexagon nuts, part 6. 

The frame at the cylinder end is bored out to receive the 
projecting boss on the end of the cylinder casting. The cylin- 
der is held in position by the five studs, part 7, that are tapped 
into the frame end. In the end view, shown to the left of 
elevation, the plan of drilling and tapping for these studs is 
indicated, from which it is seen that the studs are not equally 
spaced. Locate the center line of this view 2{ inches from 
the left-hand border line. 
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Next draw the cross-section taken on the line A A of the 
elevation, with its center line 2;% inches from the left-hand 
border line. This section is intended to represent the right- 
hand part of the elevation, but the parts beyond the plane of 
section have been omitted to avoid confusion of lines. The 
outlines of this section are circular arcs, the exterior one having 
a radius of 4 inches. Locate its center 24 inches below the top 
border line. To define the height of the frame in this section, 
draw a horizontal line at a distance above its lowest point equal 
to the height of the frame along the line 4 A (this distance 
should be measured on the drawing) in the elevation. dA A 
should cut all four 
curves at as nearly 
right angles as is pos- 
sible. The frame is 
8 inch thick at this 
place and a circular 
arc with a radius of 
32% inches is therefore 
drawn concentric to 
the former arc:. Tan- 
gential to this inner 
are and to the horizontal top boundary line, draw two circles 
with a radius of $ inch; draw fillets between these circles and 
the outside arc. 


G6. Parts 2 and 3 are the bearing brasses made in halves 
and partly lined with antifriction or Babbitt metal. They are 
bored to a diameter of 2} inches and are 54 inches long. To 
fit crank-shaft bearings they are turned to a diameter of 

+ inches and are prevented from turning around by 3-inch- 
diameter brasses on each half, which fit into recesses in the 
frame and in the cap, as seen in the elevation of the frame. 
They are drawn on horizontal center lines that are located 
at distances of 1$ inches and 1 inches, respectively, above 
the lower border line. The vertical center lines for the end 
views should be drawn 2,4; inches from the left-hand border 
line. 
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Next draw the cast-iron bearing cap, part 4, with its vertical 
center line 7§ inches from the right-hand border line. A per- 
spective view of such a cap is shown in Fig. 3. The horizontal 
center lines for the plan and elevation are # inch and 2% inches, 
respectively, above the lower border line. The cap is bored 
out to a radius of 13 inches to fit the top brass, and the grease 
cup is made with top at an angle of 45° with the horizontal 
center line in order that, when placed in position on the frame, 
the upper edge of the cap will have a horizontal position. 


PLATE 1018, TITLE: VALVE GEAR 


%. The cross-section assembly in the upper part of 
Plate 1018 shows the relation and connection between valve, 
valve rod, guide, eccentric rod, eccentric strap, and eccentric 
sheave, all these parts being detailed elsewhere on the draw- 
ing. All the parts are 
drawn half size, and all 
are provided with refer- 
ence numbers correspond- 
ing with those on the 
assembly. Draw the de- 
tails first, then the cross- 
section assembly. 


8. Part 1, the valve, 
shown in perspective in 
Fig. 4, is made of cast iron from pattern ror1S—A. It is a cup- 
shaped device, through the top of which the valve rod, part 2, 
passes. Its position in the steam chest regulates the entrance 
of the steam through the ports that connect with the ends of 
the cylinder and permits also the exhaust steam to pass from 
these ports into the exhaust port, which connects with the 
exhaust pipe. 

Locate the horizontal center line of the valve-rod boss 
32 inches below the upper border line, and the vertical center 
lines of the two views 1} inches and 43 inches, respectively, 
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from the left-hand border line. The left-hand view is a plan 
and the other an end view. On the outer side of the boss is 
seen a rib-like projection; this slides on a corresponding rib on 
the steam-chest cover, and serves to hold the valve in place. 


9. The valve rod, part 2, is supported by the valve-rod 
guide, part 8, which, in turn, is bolted to the engine frame at 
the left-hand end of the opening shown in the elevation of the 
frame, Plate 1017. The two cylindrical parts of the valve rod, 
part 2, have not a common axis, but their axes are eccentric 
to an extent of 7’; inch. The purpose of making the rod in 
this manner is to give a large sliding surface to the slide, the 
part in contact with the guide, and at the same time to bring 


i 


the valve rod proper nearer the cylinder than would be the 
case if its axis were a continuation of that of the slide. 

Draw the horizontal center line of the elevation and end 
view of part 8, 67; inches from the upper border line, and 
let the vertical center lines be a continuation of those for the 
valve. At one end of the elevation is located a boss pro- 
vided with a hole for lubricating purposes. It is also visible 
in Fig. 5, which is a perspective view of the guide and the end 
of the valve rod, part 2. Place the horizontal center lines of 
the slide in the two views 4§ inches and 3,% inches, respec- 
tively, above the bottom border line. Draw the vertical center 
line of the eye 8,4; inches from the left-hand border line, and 
that of the end view 1 inch from the same border line. The 
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pin, part 4, is entirely cylindrical and requires therefore only 
one view. Its vertical center line is 8 inches from the left- 
hand border line and its top 33°5 inches below the upper border 
line. 


10. The eccentric rod, part 5, has at one end an eye into 
which is fitted a bushing, part 6. One side of this end of the 
rod rests against a shoulder on the pin, part 4. At the other 
side there is a washer, part 15, held in place by the split pin, 
part 16. . The other end of the rod screws into one of the 
eccentric strap halves, part 8. Draw the horizontal center lines 
of the views 23 inches and 1,'; inches, respectively, above the 
bottom border line. The vertical center lines of the end view 
and of the eye in the other 
views should be drawn 1} 
inches and 8,°; inches, respec- 
tively, from the left-hand 
border line. The clamping 
nuts, part 10, used on the 
eccentric rod and on the pin, 
part 4, are of standard size 
and do not require separate 
detail drawings. The bush- 
ing, part 6, is shown in a 
front and a side view, the 
horizontal center line of 
which is 63 inches above the bottom border line. The vertical 
center lines should be located 7} inches and 8} inches, respec- 
tively, from the left-hand border line. 


Fic. 6 


41. Part 7 is the eccentric sheave, which is fastened to the 
crank-shaft by means of two sctscrews, part 14, that pass 
through the tapped holes indicated. Its center is { inch to one 
side of the shaft center, this distance determining the throw 
of the eccentric and the travel of the valve. A perspective view 
of this detail is shown in Fig. 6. 

On the plate, two views of this part are shown. Draw the 
horizontal center line of the upper view 43 inches above the 
lower border line, and its vertical center line 6 inches from 


146 MECHANICAL DRAWING §$ 14 


the right-hand border line, leaving a space of 3 inch between 
this view and the one below. The center lines of the holes for 
the setscrews form angles of 45° with the horizontal center line 
of the sheave. 

Parts 8 and 9 are the halves of the eccentric strap which 
embraces the revolving eccentric sheave. They are prevented 
from sliding sidewise by the engagement of the central rib on 
the sheave with a corresponding groove in the strap. Two 
bolts, part 12, are inserted through holes in the latter and hold 
the halves together by means of nuts and check-nuts, part 13. 
The lines of intersection between the oil cup and strap, as 
shown in elevation, are indi- 
dicated by two curves, the 
radii of which have not been 
indicated, as it will suffice’ if 
they are drawn approxi* 
mately. The same remark 
applies to the intersections 
shown in the end view. The 


sectional view shown near 
the elevation is a _ section 
taken through the strap. <A 
perspective view of the 
eccentric strap is shown in 
Fig. 7. Locate the center 
lines of the three views 7 
inches, 3% inches, and 3 inch, respectively, from the right-hand 
border line and draw the horizontal center line 54 inches below 
the upper border line. The nuts and check-nuts, part 13, 
required for the bolts, part 12, are not shown in detail as thev 
are of standard size. 


Fre. 7 


12. The valve rod, part 2, is shown in position 1n tne sec- 
tional assembly. It has a long-threaded portion on which two 
nuts together with the check-nuts, part 11, are screwed to fix 
the valve in position and by means of which adjustment of the 
valve may be made. When drawing part 2 in the assembly, 
locate its center line 1} inches below the upper border line and 


\YaperliniZy Nix 


SF a// over 


J all over 


Vices: 


brill for 2 \ y, 

Countersurh 

Screws 

Screw (7) 
~ 


ity VET é 
tdnill~—je 2 a 


i = 
ii 


DatE Copyright, 1904, 1918, by ] 


Copyright 
39B-I LT 54C-154 § 14 a ii 


lap for 
Countersunk = 
Screws 


OW Hole in 


laper'/ i 16 


1 
! 
7 
! 
! 
i 


- 
2 TextBooK CoMPANY 
fain 


ry 


; Stee! fe 
é Bolts 6+ Long thd 1k. \18 | Steel aa 
3 Hex Head bolls Longlhdg | 17 | Stee/ ey 
Rae 
Nut and Cotter Pir for 14 15 \ Stee/ ia 
|/4| Forged Stee/ 

(3 | Gnposantetd| Patfern| H 

6 

Connecting kod Bearing\¢1 \ omposthon/tetd\ Pattern | F 
es 
dD 


Wearing Strips for3_\ 5 \(onpositionNetdl\ Pattern 
ts 


Nut for © 


Fl 
Hey for 3 Sfee/ saan 
Cross head Cast tron Pattern \C 
2 8 

WA 


Aces 
PISTON, CROSS HEAD 
AND CONNECTING ROD 


DEIN LG ere eee 


Name, Crass Letters, AND NUMBER 


MECHANICAL DRAWING 


147 


draw the vertical center line of the valve 12 inches from the 
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size, except those of parts 4, 
drawn full size. 


left-hand border line. Lo- 
cate the vertical center line 
of the shaft 342 inches from 
the right-hand border line 
and complete this view. 


PLATE 1019, TITLE: 
PISTON, CROSSHEAD, 
AND CONNECTING- 
ROD 


15. In the sectionat as- 
sembly, Big. S$, is seen the 
piston, part 1, which is given 
a reciprocating motion in 
the steam cylinder by the 
steam acting alternately on 
either side of it. Its motion 
is conveyed by the piston 
rod, part 14, to the cross- 
head, part 3, the latter con- 
taining in its interior one 
end of the connecting-rod, 
part 8, swinging around a 
pin, part 6, while the other 
end has a bearing, part 9, 
that.embraces the crankpin. 
In this manner the force act- 
ing on the piston is trans- 
mitted to the crankpin, where 
the reciprocating motion of 
the piston is changed into a 
‘rotary one. All the views 
on this plate are drawn half 
6, 7, 14, and 15, which are 
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414. The piston, part 1 (see detail numbered 1), is made of 
cast iron and is provided on its outer edge with a groove for 
the piston ring, and with a central hole for the piston 
rod. The hole is composed of a straight and a tapered part, 
the straight part extending to a point 3g inch from one end. 
The diameter of the hole varies from $ inch to 4% inch, the 
latter dimension applying to a point 7g inch from end of 
hole, at which place the hole is countersunk, enlarging the 
diameter to 1 inch. Locate the horizontal center line of the 
two views 2 inches from the upper border line, and the vertical 
center line 13 inches from the left-hand border line, leaving a 
space of $ inch between the two views. 


15. The piston ring, part 2, fits in the groove around the 
outside of the piston; it provides a steam-tight fit between the 
piston and the cylinder walls, and is for this reason made 
expansible by leaving an opening of 23 inch between its ends. 
It will be noticed that the diameter of the ring is larger than 
that of the inside of the cylinder; but when sprung into place 
in the cylinder it will adjust itself to the cylinder bore and the 
two ends will approach each other, until they nearly touch. 
The horizontal center line of the two views may be drawn 

+ inches from the upper border line, and the vertical center 
line of the elevation placed 12 inches from the left-hand border 
line ; a space of 7% inch is left between these views. 

The crown nut, part 15, fits the end of the piston rod and 
fastens the piston securely to the latter. To prevent an acci- 
dental turning of the nut, it is provided with a series of grooves 
into which fits a pin, which also passes through a hole in end 
of the piston rod. The horizontal center line of these views 
is placed 14 inches from the lower border line, and the vertical 
one of the elevation 1;% inches from the left-hand border line, 


leaving a space of 3 inch between the views. 


16. The piston rod, part 14, is tapered at one end to fit 
the piston and at the other to fit the crosshead. When the 
dimension of one end of a tapered piece is given, together with 
its length, the dimension of the other end of the taper may be 
found either by calculation or by construction. The method 
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by calculation is as follows: The taper shown on the plate is 
1 in 16, which means that for each inch of length there is a 
change in diameter of 4% inch. Hence, for a length of 
2; inches, the change will be ~;>%2;3;=.137 inch. The full 
diameter of the rod is 1 inch, therefore the small end is 1—.137 
= .863 inch, or nearly 28 inch, in diameter. 

If this diameter is to be found by construction, proceed as 
follows: Multiply the fraction representing the increase or 
decrease in diameter in 1 inch in length by some convenient 
length, preferably by some number that will divide the denomi- 
nator without a remainder; in this case multiply by 4, obtain- 
ing qi; ><4=4 inch, which represents the difference in diameters 
4 inches apart. Next, at a point 4 inches from where the taper 
begins, draw a line at 
right angles to the 
center line and lay off 
on each side of it one- 
half the diameter at 
that point, or 4—(4 
+2)=2 inch. Draw 
straight lines joining 
the extremities of this 
diameter with the ex- 
tremities of the ver- 
tical line defining the. 
diameter at the beginning of the taper. From the point where 
the taper begins, measure back on the center line 2,%; inches, 
the length of the tapered part, and draw through the end point 
a line perpendicular to the center line. The distance on this 
end line between the tapering lines is the diameter at this point. 

At the other end of the rod the diameter is # inch, and the 
taper is 1 in 12. This end is to fit the hole in the piston, part 1, 
and as the diameters and length of the hole are given in the 
views of the piston, the tapered part of the piston rod may be 
drawn by means of these dimensions. Locate the center line 
of the rod 14 inches above the lower border line ; leave a space 
of = inch between the rod and the side view of nut, part 15, 
and make the rod about 83 inches long. 


res 
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17. The crosshead, part 3, shown in perspective in Fig. 9, 
is fitted to the piston rod by the tapered key, part 4, which 
is driven through it and the piston rod, the hole in the piston 
rod being indicated by dotted lines at the right-hand end, 
part 14. The crosshead receives the end of the connecting- 
rod, which is kept in place by the crosshead pin, part 6. The 
upper and lower interior surfaces of the crosshead taper 
toward the closed end, while the vertical sides are parallel and 
provided inside and outside with bosses around the holes for 
the pin. On top and bottom of the head, holes are tapped for 
the screws that hold the wearing strips, part 5, in place. Lay 
off the horizontal center line for the elevation and end view 
1} inches, and that of the sectional plan 4} inches below the 
upper border line. Let the vertical center line of the two left- 
hand views be 7 inches from the left-hand border line, and 
place the remaining view % inch to the right of the elevation. 


18. The connecting-rod, part 8, is shown broken, the size 
of the plate not permitting it to be drawn full length. The 
method employed in laying off the correct taper of the remain- 
ing parts is similar to that explained in Art. 16. The places 
where the tapered portion of the rod begins and ends are 
found by drawing verticals through the centers that are used 
for striking the ares of the g-inch-radius fillets at either end; 
~the points of intersection between the verticals and the fillet 
arcs are the initial points of the tapered part. It is found by 
calculation that the total length of the tapered part is 1613 
inches; with this length and the given diameters at each end, 
the taper can readily be drawn. 

One end of the connecting-rod receives the bearings, parts 11 
and 12, which fit over the crosshead pin, part 6. For the 
purpose of lubricating the brasses, part 11, the crosshead pin, 
part 6, is drilled with lubricating holes, and an oil cup is fitted 
in the 4-inch tapped hole in the end of the pin. The other end 
of the rod is attached to the crankpin bearings, part 9, one of 
which is fitted with an oil cup. 

The bearing, parts 11 and 12, is prevented from moving 
sidewise along the crosshead pin, because its width is just 
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equal to the distance between the inside surfaces of the bosses 
on the crosshead. The two parts of the bearing are forced 
toward the pin by means of the wedge, part 13, which may be 
raised or lowered by turning the adjusting screws, part 17, in 
the proper direction. Notice that the holes through which 
these screws pass are countersunk about ;*; inch for the screw 
heads ; hence the two curves in the outer line defining the out- 
line of the small end of the rod in the elevation. Draw the 
horizontal center line of the elevation and end view of the 
connecting-rod 6,°; inches, and the bottom view 8 inches, 
below the upper border line. The vertical center line passing 
through the center of the curved part at the left-hand end is 

# inches, and the one through the end view is 3,% inches, 
from the right-hand border line. Make the rod about 5} inches 
long. 


19. Next draw the crosshead pin, part 6, with its center 
line 35%; inches above the lower border line, and the vertical 
center line of the end view 5} inches from the right-hand 
border line, leaving a space of +3 inch between the two views. 
Also draw the nut, part 7, that screws on the threaded end 
of the pin and fastens it to the crosshead. Use as horizontal 
center line for the nut that of the pin, produced, and locate the 
center line of the elevation 4 inches from the left-hand border 
line. A space of $ inch is left between the two views. The 
lower side of the pin is provided with a -inch setscrew which 
fits into a corresponding notch in the crosshead, thus preventing 
the pin from turning. Both of these views are drawn full size. 

Draw the bearings, parts 11 and 12, and also the wedge, 
part 13. The horizontal center line of the first two views 
should be 12 inches below the upper border line, and the ver- 
tical center line of the right-hand view 4} inches from the 
right-hand border line, leaving a space of 3’ inch between the 
two views. In locating the views of the wedge, a horizontal 
center line is drawn 34 inches below the upper border line and 
the vertical center line of the left-hand view 54 inches from the 
right-hand border line, leaving a space of 7% inch between 
the views. 


154—19 
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20. The halves of the crankpin bearings, part 9, are sym- 
metrical except for the oil-cup boss, and only one of them need 
be shown. One pattern will serve for both halves, as after 
the right-hand half has been molded the oil-cup boss, which is 
made detachable, is removed from the pattern and then the 
other half is molded. Sometimes a note to this effect is made 
on the diawing. 

Locate the horizontal center line of the two elevations 
22 inches below the upper border line, and the vertical center 
line of the left-hand view 2;'; inches from the right-hand 
border line; leave a space of # inch between the views. The 
horizontal center line of the upper view should be { inch below 
the upper border line. 

Draw the connecting-rod strap, part 10. The bolts, part 18, 
pass through this strap and the connecting-rod, and hold the 
bearings, part 9, in posi- 
tion by means of nuts, 
part 19, and clamp them 
to the crankpin. Draw 
the center line of the strap 
6 inches below the upper border line and locate the vertical 
center line 1 inches from the right-hand border line. Leave 
a space of 2 inch between the views. 


Fie. 16 


21. Part 5, the wearing strip for the crosshead, is shown 
in three views, and in order to give a clear idea of its true 
shape a perspective view is shown in Fig. 10. Place the center 
line of the upper views 5 inches above the lower border line, 
and let the vertical center line of the plan be 12 inches from the 
left-hand border line; leave a space of $ inch between the two 
views. Place the third view § inch below the plan view. 


22. In drawing the detail of the key, part 4, locate the 
upper side of the elevation 5} inches below the upper border 
line and draw the left-hand edge of the key 4,5; inches from 
the left-hand border line; leave a space of % inch between the 
views. The top view may be placed } inch above the others. 
The taper can be laid off directly from the dimensiong. If, 
however, one of the dimensions, as that marked ‘3 inch,” had 
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been omitted, the extreme left-hand vertical line would be 
drawn first, next the line whose dimension is marked “14 
inches” would be laid off and a perpendicular drawn down- 
wards through its right-hand extremity, and the length of the 
lower side would be found in the following manner: 


a 


A taper of 1 in 8 is equal to % inch in 3 inches; hence, lay 
off 3 inches downwards on the perpendicular last drawn, draw 
a horizontal line through the point just laid off, and measure 
off to the left of this point # inch; the point so determined is 


the other extreme point of the taper. 


PLATE 1020, TITLE: 
CYLINDER AND VALVE-ROD STUFFINGBOX 


25. On Plate 1020 are given six views of the engine cylin- 
der, part 1; and similar views, some of which bear reference 
letters, are shown in Fig. 11. In the row of views in the center 
of the plate, the one at the left is an end view of the cylinder, 
looking toward the crank-shaft, next is a front elevation, and 
then an end view looking toward the cylinder from the crank- 
shaft. A perspective view of the cylinder is shown in 
Fig. 12 and should be studied in connection with the front 
elevation shown in Fig. 11 (c). Above the front elevation, 
in Fig. 11 and likewise on the plate, there is a sectional plan, 
view (b), taken along the horizontal center line, and on either 
side of this view there are sectional views taken on the 
lines A-A and B-B of the sectional plan. The cylinder is of 
east iron, hollowed or cored out to form the cylinder bore, the 
steam and exhaust ports, the steam chest, etc. There is a box- 
like extension on one side of the cylinder, called the steam 
chest, which is provided with bosses to which the flanges 
of the steam and exhaust pipes are fastened. 


24. In Fig. 11, which represents the pencil drawing of the 
six views shown in Plate 1020, the sectional plan is also made 
to serve as an assembly, the various parts situated in or on the 
cylinder being indicated by means of dotted lines. These lines 
are not to be reproduced on the plate, as they are inserted 
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merely to aid in giving an understanding of the relations 
between the various parts. 

The steam pipe is fastened by studs to the flange i shown in 
Fig. 11. (a). The steam enters the steam chest through this 
pipe and passes from here through either of the ports a, @, 
Fig. 11 (b), into one end of the cylinder, the valve d deter- 
mining by its position through which of the ports the steam 
shall enter and how long its flow is to continue. In the posi- 
tion shown in view (0), the steam has entered through port a, 
driving the piston to the right. The steam that at the previous 
stroke has been acting on 
the right side of the piston 
is now escaping through 
port a’ into the valve d 
and out through the ex- 
haust port b into the ex- 
haust pipe, which is bolted 
to the steam chest at g, 
Fig. 11 (a). The manner 
in which valve d receives 


its motion has already been 
described in connection 
with Plate 1018. Parts 1, 
2, and 6 are to be drawn to a scale of 3 inches=1 foot; 
parts 8, 4, 5, 7, and 8, toa scale of 6 inches=1 foot. 


25. The sectional plan view is to be drawn first and located 
on a horizontal center line 2;%; inches below the upper border 
line; draw its vertical center line 62 inches from the left-hand 
border line. The bore of the cylinder is 4} inches for 82 inches 
of its length and is enlarged to 412% inches at a distance of 

8 inches from the open end and ;%; inch from the closed end. 
The walls are 2 inch thick and the flanges at each end are } inch 
thick and 9£ inches in diameter. 

In fixing the length of the cylinders, provision must be made 
for sufficient clearance between the piston and the covers at 
the ends of the cylinders; that is, the piston must have room 
to complete its stroke of 8 inches and leave a space at each 
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end of 4 inch to } inch for clearance. Drain-valve bosses are 
provided at each end of the cylinder. These bosses are drilled 
and tapped to receive the drain valves by means of which the 
cylinder may be emptied of any accumulated water. These 
drain valves are not shown. 

In Fig. 11 (b) the valve seat ¢ c’ on which the valve travels 
is located in the steam chest 44 inches from the center line of 
the cylinder. The center line of the valve stem is 6% inches 
from the center of the cylinder. The valve is prevented from 
moving sidewise by two ribs e, e’, $ inch high and 53 inches 
long. One of these is shown at e’, Fig. 11 (b), and both are 
shown in section at e,e’ in view (a), and they are shown in 
plan in view (c). 


26. The exhaust port 0, Fig. 11, is 14 inches wide and 
separated from the steam ports by webs 4 inch thick. It fol- 
lows a path, for a short distance, around the upper part of the 
cylinder and has walls 3 inch thick. The steam ports have a 
g-inch opening 3 inches wide, and follow a curved path 
through the walls of the cylinder. The straight parts of these 
ports are centrally located in the cylinder walls and are joined 
to the ends of the ports by curves having their centers in the 
valve seat and the cylinder bore, respectively. The steam- 
chest walls are 2 inch thick, with an extension of 4 inch at r 
and 7” to permit a machine finish to match the steam-chest 
cover. At f is a boss of equal thickness to be finished as a 
seat for the valve-stem stuffingbox, an opening being provided 
for the valve rod 44 inch in diameter. In the front of the 
steam chest is an opening 64 inches X54 inches. 

Dimensions for locating the stud holes in the cylinder flange 
for the cover are found on the drawing of part 2, and the 
distance between the stud holes in the steam-chest flange is 
found on the elevation of the steam chest. 

On the plate the outer part of the stuffngbox is shown 
turned to 4 inches diameter to fit into a corresponding recess 
in the end of the frame. This construction provides for a 
central position of the cylinder in relation to the center line 
of the frame. 
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27. The two cross-sections are to be drawn next, the 
vertical center line of the section on B B being 1% inches from 
the left-hand border line. In this view are clearly shown the 
bore of the cylinder, the thickness of walls, the valve seat, and 
the ribs ee’, Fig. 11. Both cross-sections are located on the 
extended center line of the horizontal section. 

The flange faces at the inlet and exhaust ports are drawn to 
the right of Section BB, on a vertical center line 34 inches 
from the left-hand border line, and the horizontal centers are 
projected from Section B B. 

The vertical center line of the Section on 4 4 is 5,5; inches 
from the right-hand border line. 


28. The elevation and end views, shown in the central part 
of the plate, all have a common horizontal center line 7 inches 
below the upper border line. Beginning with the view at the 
right, which shows the cylinder as viewed from the stuffing- 
box end, locate its vertical center line 5°; inches from the 
right-hand border line. The cylinder flange shown in this view 
is made to fit against a corresponding flange at the end of the 
frame, the spacing of the studs being the same in both flanges. 
It will be noticed that, owing to the projecting parts of the 
steam chest, these studs cannot be arranged all around the 
flange, but as the joint is not required to be steam-tight, this 
end of the cylinder being cast solid, there is no objection to 
the unequal spacing. 

As the elevation of the steam chest is placed on the same 
vertical center line as the horizontal section above, the longitu- 
dinal dimensions may be.projected directly from the latter view. 
In this view of the steam chest are shown the steam and 
exhaust ports, the valve seat, and the ribs e e’ shown in Fig. 11. 
The drilling plan for the eight studs, over which the steam- 
chest cover fits, is shown at 7 j’, Fig. 11 (c), and in Fig. 11 (d) 
is shown the locations of the holes k k’ which receive the two 
studs; this view also shows the frame and the drilling plan. 
The locations of the holes correspond with the positions of 
the studs that are tapped into the engine frame and support 
the cylinder. 
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29. The steam-chest cover, part 6, is next drawn in eleva- 
tion and plan view. Locate the vertical center line of these 
views 2 inches from the right-hand border line, and the hori- 
zontal center line of the plan 67% inches below the upper border 
line, leaving a space of 2 inch between the views. The pro- 
jection /, Fig. 11 (b), holds the valve in place and prevents any 
tendency to tilt. The cover is recessed inside and out to obvi- 
ate the necessity of finishing any parts except those that fit the 
steam chest and those on which the nuts and studs are seated. 


30. The views of parts 2, 3, 4, and 5 are all on a hori- 
zontal center line 2;°; inches above the bottom border line. 

Part 2 is the cylinder head, which is bolted to the cylinder 
by means of the eight studs, part 9, which are screwed into 
the end of the cylinder before the cylinder head is put in place. 
As shown in Fig. 11 (0), at m is a recess in the cylinder 
cover to make room for the nut on the end of the piston rod 
when the piston is at the head end of the cylinder. 


31. Locate the end view of part 5, the valve-rod stuffing- 
box, at a distance of 5§ inches from the left-hand border line, 
leaving a space of $ inch between it and the sectional view. 
The stuffingbox is bolted to the steam chest at f, Fig. 11 (bd), 
by means of studs, part 10. 

Part 4 is the gland that compresses and holds the: packing 
in place in the stuffingbox, the purpose of the packing being to 
make the fit between piston rod and stuffingbox steam-tight. 
It should be noticed that those surfaces of the stuffingbox and 
the gland that face each other are countersunk, the object being 
to force the packing toward the piston rod. Locate the vertical 
center line of the elevation 7,4; inches from the right-hand 
border line and leave a space of 4 inch between the two views. 

Part 3 is the clamping nut that holds the gland, part 4, in 
position and by means of which it may be forced against the 
packing. Let the center line of the right-hand view be 4% inches 
from the right-hand border line and leave a space of + inch 
between the two views. 


32. The remaining parts 7 and 8 belong to the piston-rod 
stuffingbox, part 7 being a bushing inserted in the end of the 
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stuffingbox and part 8 the gland that holds the packing in posi- 
tion and forces it inwards by means of the nuts, part 12, and 
studs, part 11. 

Place the views of the gland, part 8, on a vertical center line 

& inches from the right-hand border line and let the hori- 
zontal center line of the upper view be 3 inches from the upper 
border line, leaving a space of 4% inch between the views. 

The horizontal center line for the views of part 7 is 17, 
inches below the upper border line and the center line of the 
elevation is 2} inches from the right-hand border line. The 
views are spaced 3 inch apart. 


PLATE 1021, TITLE: ASSEMBLY DRAWING OF 
HORIZONTAL STEAM ENGINE 


33. From the details given on Plates 1016 to 1020, inclu- 
sive, an assembly drawing is to be made that will show a plan 
of the engine, partly in section, and also a sectional elevation. 

To give a general idea of what the assembly drawing will 
contain, a reduced copy of the plate is given in Fig. 13 in 
which all dotted lines indicating parts not visible have been 
omitted so as to simplify the work. In order to make the 
drawing to the same scale as used in the principal views on 
the preceding plates, it is necessary to increase the border lines 
to 134X174 inches and to locate the title of the plate in the 
upper left-hand corner. The perspective drawing of the steam 
engine shown in Fig. 14 will prove helpful as a guide to the 
relative positions of the various details. 


34. In practice, an assembly drawing is generally made 
before the details are laid out, the main dimensions of the 
latter being derived from the assembly. While the details are 
being worked out, it will often be found necessary to change 
the dimensions of some part, which in turn will require the 
readjustment of the dimensions of adjoining parts. After all 
the detail dimensions have been finally established, the assem- 
bly will be altered so as to show the details with their correct 
dimensions and in their correct positions. In the present case 
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it has to be assumed that the general assembly was made before 
the work on the details was started and that Plate 1021 is to 
represent the details in their final form. This combining of the 
details into one drawing will serve as a check on the accuracy 
of the detail dimensions, and on the practicability of the design. 
ior instance, the drawing may show that at certain points an 
insufhcient amount of clearance has been left for some moving 
part, or that it is impossible to insert some of the bolts for 
fastening certain parts together, or that a piece will not serve 
tor both sides of a machine, but has to be made left and 
right, and so on. Points such as these may easily be over- 
looked in detail drawings. 


35. Commence the drawing by laying off the true hori- 
zontal center lines 3% inches and 101% inches, respectively, 


Pa 1 


Fic. 15 aoa 
from the upper border line, and draw the vertical center line 
through center of the crank-shaft 4 inches from the right- 
hand border line. Draw the end of the cylinder at a distance 
from the crank-shaft center corresponding to that given on the 
engine-frame drawing. Next draw the frame in both views 
with bearings, studs, nuts, and holes for foundation bolts. 


36. On the elevation, draw the piston in its middle posi- 
tion, together with the piston rod and crosshead. The method 
by which to determine the corresponding position of the center 
of the crankpin is shown in Fig. 15, where b on the engine 
center line p q represents the center of the crank-shaft and b b, 
the distance between the centers of shaft and crankpin, 
and b,b, the two dead centers of the engine. To find the 
position of the center of the crosshead pin while the piston 
occupies its middle position, use D as a center ; then with a radius 
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equal to the length of the connecting-rod between its centers, 
draw a small arc intersecting the line pq at a. Set off 
points a and a, at either side of a, at distances equal to bd, ; 
then the length of stroke is indicated by the distance aay. 
To find the position of the crankpin corresponding to the 
middle position of the piston, draw the circle b, b, with bb, 


Fie. 16 


as a radius. Then, with a radius equal to a, b and with a, as 
a center, draw the arc bb,. The point of intersection b, with 
the circle b, b, will be the desired point ; namely, the center of 
the crankpin when the center of the crosshead pin is at a,. A 


line connecting a, and b, will be the center line of the connect- 
mg-rod., 


37. Complete the connecting-rod in both views, and draw 
both views of the cylinder with the nuts and the part of the 
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flange for the steam and exhaust pipes in their proper position, 
obtaining all dimensions from the detail sketches. 

Draw the center line of the valve stem in the plan view, and 
draw the stuffingbox, valve stem, valve-stem slide and its 
guide in both views. In order to determine the position of the 
valve-stem slide, it is necessary to locate the center of the 
eccentric. In the sectional plan of the assembly, Plate 1021, 
it is seen that the eccentric is on the dead center farthest from 
the cylinder. The offset of the eccentric is given as § inch 
in the detail drawing ; hence, when in this position, the center of 
the eccentric strap will be situated at c, Fig. 15, $ inch to the 
right of the crank-shaft center on the line p g. With this point 
as a center, and a radius equa! to the distance between the cen- 
ters of the eccentric strap and the hole in the stud end of the 
eccentric rod (see detail drawing), in this case 2 feet 4 inches, 
describe an arc cutting the center line pq in c,; c, will be the 
center of the pin that connects valve rod to the connecting-rod, 
which may be completed with the aid of the detail drawing. 
Complete the drawing of the eccentric, eccentric strap, and 
eccentric rod in both views. Fig. 15 shows by the arrow the 
direction in which the shaft revolves, this fact being deduced 
from the position of the eccentric relative to the crank. If the 
center of the eccentric is moved through an angle of 180°, the 
crank remaining in its present position, then the motion of 
the engine would be in the opposite direction. 

In Fig. 16 is shown the method of projecting the edges and 
foreshortened surfaces of the crank-shaft and connecting-rod 
from the elevation to the plan view. 

Finally draw in the bandwhee! and flywheel (see general 
drawing for position). The flywheel will be of the same 
diameter as the bandwheel, but only 3 inches wide. 
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READING A WORKING DRAWING 


38. The following general method of procedure has, by 
experience, been shown to be conducive to the accurate and 
rapid reading of a drawing made in projection. first, if the 
drawing is dimensioned, ignore the existence of the dimension 
lines and dimensions entirely until after the general shape of 
the object is fixed on the mind. Second, by referring to the 
several views, form an idea of the shape of the main body 
of the object; that is, observe if its outline shows it to be a 
cube, a sphere, acylinder, a cone, a pyramid, etc., or a combi- 
nation of several of these elementary forms. The shape of the 
main body having been impressed on the mind, observe how 
it is modified by details, determining, by reference to the sev- 
eral views, whether they project from the main body or are 
recesses, or holes. Finally, by referring to the dimensions, 
form an idea of the relative sizes of the component parts. Pay 
due regard to all conventional representations that may have 
been used; for instance, do not become confused if the arm of 
a pulley, or a rib, which, truly speaking, should have been in 
section, is shown in full. If two half sections are placed on 
either side of a common center line, remember that each half 
must usually be viewed independently of the other and must 
be mentally completed. 


39. When reading a drawing in which the views are cor- 
rectly placed, it is often a great aid, when the shape of some 
part is doubtful, to project with a straightedge points or edges 
of it over to another view, in order to find the location of a corre- 
sponding part. When the views are not placed in their correct 
relative positions, this cannot be done, and in reading a drawing 
with the views thus placed, the reader is supposed constantly to 
imagine that the views are in their correct relative positions. 

To illustrate the method of reading a working drawing, 
three mechanical drawings and a perspective view of parts of 
a lathe are given, Fig. 17 is a drawing of a tailstock casting, 
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which should be studied in connection with the perspective 
view of a tailstock, Fig. 18, and the general drawing, Fig. 19; 
and Fig. 20 is a drawing of a headstock. Lathes of a model 
similar to the one represented by these views are found in 
most machine shops, and where possible to do so it will be an 
aid to understanding to compare the drawings with the objects 
themselves and note the relations of the various details. 


40. Tailstock Casting.—The views of the tailstock 
casting shown in Fig. 17 are an end elevation, view (a); a 
front elevation partly in section, view (vb), and a plan, or top 
view, of the barrel, view (c). The main center lines aa, bb, 
and ¢c pass through the 
center of the 12-inch 
hole d bored in the bar- 
rel to receive the spindle, 
and from these lines the 
principal dimensions are 
laid off. The body is of 
irregular shape, being 
curved at the back, as 
indicated by the line ee, 
and a recess f is formed 
beneath the middle of 
the barrel to receive the 

te nut by which the tail- 
stock is clamped to the bed of the lathe. This nut rests on the 
top of a boss g on the lower surface of the recess. Between 
the back ee and the recess f there is an opening cored out 
inside the casting, as is indicated by the dotted ine hhh. The 
back surface of the recess f is denoted by the dotted line 77, 
and the thickness of metal between the recess and the cored 
opening is 7 inch, as marked; also, the thickness of the metal 
at the back is 7% inch. Beneath the boss g the metal is cored 
out as indicated by the line j 7, and beyond the recess the cored 
part is carried higher, as shown by the dotted line kk. The 
barrel is thus supported by a number of metal webs, or walls, 
varying from 7g to $ inch in thickness. 
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41. The barrel has an over-all length of 512 inches, as 
shown in Fig. 17 (b), and at the end it is turned down for a 
distance of # inch to a diameter of 142% inches. On this part 
is cut a screw thread with 16 threads per inch. The opposite 
end of the barrel overhangs the supporting web J by 43 inch. 
A hole m for a setscrew is drilled in the bottom of the barrel, 
on a line with the center of the hole » for the anchor bolt. 
The hole ™ is threaded with a 2-inch tap having 16 threads 
per inch, and the threads are indicated by the double lines at 
each side of the hole. The threads are understood to be United 
States standard threads, as no definite note is given to state 
their shape. The slightly elliptical hole shown in the left-hand 
end of the barrel in view (0) is the intersection between the 
bore in the barrel and the 14-inch counterbore behind it. 

A top view, or plan, of the barrel is shown in (c). Two 
bosses o and p are formed at opposite sides, on the same center 
line, which is 144 inches from the end of the barrel, and the 
center of each is l;'g inches from the center line cc. At the 
center of the boss 0, a 3-inch hole is first drilled to a depth of 
34 inches, and this is then counterbored 1} inches in diameter 
to a depth of 275 inches. As these holes would extend through 
into the cored spaces, metal is added, as shown in view (b) 
and also by the dotted lines q g and rr, view (a), beneath the 
holes. The boss p, view (c), has a $-inch hole drilled at its 
center to a depth of 13 inches. The surface s of these bosses 
is faced off so as to be 14 inches above the center line ¢ c. 


42. The base of the tailstock casting, Fig. 17, has a length 
of 9 inches and a width of 8 inches, and projects slightly 
beyond the unfinished casting all around. The vertical faces of 
this projecting part of the base are all finished. Two holes ¢ 
are tapped through the base at the sides with 8 left-hand 
threads per inch. The center of these holes is located 5} inches 
from the heavy end of the casting and 35 inch above the lower 
surface. There is a lug « beneath each of the holes t, extend- 
ing 4 inch below the lower surface and 43 inch on either side 
of the center line through the hole. Each lug is 14 inches long 
and is finished on the sides and the bottom. A raised part v 
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having a radius of 3; inch is formed above each hole ¢ to give 
enough metal around the hole. The radii of the several curved 
surfaces of the casting, and the centers from which the curves 
are drawn, are clearly indicated. 


43. General Drawing of Tailstock.—A general draw- 
ing of a tailstock is shown in Fig. 19. This is the same tail- 
stock casting that is shown in Fig. 17, with the addition of 
all the parts that are attached to it and a part of the lathe 
bed on which it is clamped. The anchor bolt a, Fig. 19, 
passes up through a slot in the yoke b and is fitted with a cap 
nut c that rests on a boss on the casting. When the nut c is 
screwed down, the yoke is drawn up against the bed and the 
tailstock is firmly held on the W’s. The dead center d is held 
in a steel spindle e¢ that fits inside the bored barrel of the cast- 
ing. A nut f is pinned to the end of the spindle, and through 
it passes the screw g, to the outer end of which is fixed the 
handle h. The collar i and the hub of the handle h prevent 
the screw from moving endwise, and when it is turned by the 
handle the spindle e is moved out of or into the barrel, thus 
moving the dead center. The spindle e has a keyway along 
its under side, in which fits the flatted end of the setscrew 7. 
The spindle is thus prevented from turning, but is free to be 
moved endwise. The part k that carries the screw g is threaded 
inside and is screwed tightly on the threaded end of the barrel, 
the threads being indicated by the pairs of parallel lines 1. The 
thread on the screw g is left-hand, so that, when the handle is 
turned right-handed, the dead center will be moved outwards, 
away from the tailstock. 


44, When the spindle e, Fig. 19, has been moved outwards 
as far as it should go, it may be locked in position by turning 
the handle m. This handle has a threaded stem n that passes 
through the collar o and the nut p and fits into the drilled 
hole g. Both the collar o and the nut p are in place when 
the barrel is bored, and they are cut away at one side to the 
curve of the spindle. When the handle m is turned in the 
proper direction, the nut p is drawn upwards and the collar o 
is forced downwards, and the spindle is clamped firmly between 
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the two. The adjusting screws 7 furnish a means of changing 
the position of the dead center sidewise on its base s. The 
base has grooves that fit the ways on the bed, and on its upper 
side it has two lugs ¢ against which the screws r bear. The 
screws r are made with 8 left-hand threads per inch. The 
abbreviation WV. L. is used frequently on the drawing to indi- 
cate the whole length, or over-all length, of a part. 


45. Lathe Headstock.—A longitudinal section of a 
headstock for a lathe is shown in Fig. 20, and in Fig. 21 is an 
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end view showing the center lines of several parts, but omit- 
ting details. The spindle a is of different outside diameters at 
various points and is drilled with a 7%-inch hole except at the 
inner end, where the hole is tapered to receive the live center b. 
The large end is made 14 inches in diameter and a screw of 
9 threads per inch is cut on it, so that the face plate c may 
be screwed on. The face plate is screwed up until it comes 
firmly against the collar, which is $ inch wide. The threaded 
hole in the face plate is beveled at the ends, to allow the face 
plate to come solidly against the collar and to give a good 
start to the threading tool. Slots 3 inch wide and 1% inches 
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deep are cut on opposite sides of the center of the plate, to 
receive the tail of the dog that holds the work. The spindle 
turns in cast-iron bearing boxes d lined with Babbitt metal e 
that is held in by means of dovetailed slots. The boxes are 
split in halves, as is indicated by the fact that the section 
lining, or cross-hatching, runs in opposite directions in the 
upper and lower parts of the boxes. These boxes are fitted 
into square slots in the frame of the headstock and are held 
in place by the caps f. Oil holes are drilled through the centers 
of the caps and the upper half of each box to enable oil to be 


supplied to each bearing. 


46. To the spindle a, Fig. 20, is keyed the gear g, which 
has 90 teeth of 12 pitch and an outside diameter of 7 yy inches, 
as indicated by the abbreviation O.D. This gear has a short 
slot near the outer rim, in which is a screw /t that may be 
moved so as to lock the gear to the cone pulley 7. The cone 
pulley is loose on the spindle, and at its smaller end there is 
fastened to it a small gear j by a pin key k. This small gear, 
or pinion, as it is called, has 32 teeth of 12 pitch, and an out- 
side diameter of 27% inches. Beside it, also keyed to the 
spindle, is another pinion /, made of steel, as shown by the 
cross-hatching, and having 40 teeth of 16 pitch. When 
the work is to be rotated rapidly, the screw h is set so as to 
lock the cone pulley and the gear g, and the driving belt is put 
on one of the steps of the cone pulley. The spindle is thus 
caused to turn at the same rate as the cone puiley and the 
gear g, thus rotating the work by means of the face plate c. 


47. When the work in the lathe is to be turned slowly, 
the back gearing is brought into action. It consists of a pair 
of gears mand n, Fig. 20, on a sleeve o that is loose ona shaft p 
held-in brackets g. The gear m is held to the sleeve by a pin 
key, but the pinion n is in one piece with the sleeve. The 
shaft p is eccentric ; that is, its center line does not pass through 
the centers of the holes in the brackets g. As a result, when 
the handle r fixed on the smaller end of the shaft p is pushed 
over away from the spindle, the gears m and nm are swung 
backwards, and are drawn out of gear with the wheels 7 and g. 
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When the handle is drawn forwards, the gears m and n are 
caused to engage with the gears j and-g. When the back gears 
are thrown into action, the screw / is set so that the cone is 
free from the gear g. The cone then turns freely on the 
spindle, rotating the pinion 7, which turns the gear m on the 
sleeve o. As the pinion 7 must turn with the sleeve 0, motion 
is given by it to the gear g, which is fast to the spindle, and 
thus the spindle and the work are rotated ; but the speed is much 
slower than when the cone pulley drives the gear g directly. 


48. The back gearing in Fig. 20 is shown directly above 
the spindle a, but this is not its actual position. As may be 
seen in Fig. 21, the brackets q supporting the shaft p are 
behind the spindle instead of directly above it. In Fig. 20, 
therefore, the brackets g are not shown joined to the frame 
of the headstock, but are left with broken lines at s, indicating 
that a conventional section 1s shown, rather than a true section. 
The setscrew f is screwed down when the shaft p is to be held 
firmly, so as to keep the back gears in action or out of action: 
A disk of copper or brass between the setscrew and the shaft 
prevents the latter from being injured. The setscrew w is 
flattened, and its end fits a groove turned in the enlarged end 
of the shaft p. In this way the shaft cannot move endwise, 
but may turn in its supports g. Oil holes are drilled through 
the sleeve o to admit oil to those parts of the shaft » on which 
the sleeve turns. 


49. Passing through a bored hole in the outer part of the 
headstock frame is a bronze sleeve v, Figs. 20 and 21, to which 
is pinned a lever w that may be used to turn the sleeve through 
a small angle, and that may be locked in position by tightening 
the nut of the clamp bolt in the slot +. At the inner end of 
the sleeve is formed an arm carrying two steel pinions y and 2 
having 30 teeth each. These two pinions mesh with each 
other, and either one may be swung into mesh with the gear 1 
on the spindle a by moving the handle w. Each of the pinions y 
and z turns on a bronze bushing a’ fitted on a pin b’ that 
is riveted to the arm of the sleeve v. A washer held in place 
by a screw prevents the pinion from running off. The pinion 
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gears with a small 40-tooth wheel c’ that is keyed to the shaft d’ ~ 
and is held in place by the nut e’.. This nut, in connection 
with the collar f’, keeps the shaft d’ from moving endwise. 
The shaft rotates in the bronze sleeve v and the cast-iron bear- 
ing g’ fixed to the headstock casting. At the outer end of the 
shaft are keyed the cone pulley h’ and the pinion 7, separated 
by a short sleeve j’ that is also keyed to the shaft. 


50. A plug k’, Fig. 20, is threaded over its entire length 
and is screwed into the end of the box forming the outer bear- 
ing of the spindle a. A fiber washer or ring I’ is placed between 
the plug and the spindle, and the plug is then screwed up 
against the washer. In this way the fiber washer and the plug 
take the end thrust of the spindle. The nut m’ acts as a lock- 
nut to keep the plug from turning when it has been cor- 
rectly set. 

The section shown is a conventional one in several respects. 
The matter of showing the back gearing above the spindle 
has already been mentioned. ‘The pinion z is shown between 
the pinions J and c’ as if it were on a vertical line between their 
centers, whereas, Fig. 21 shows that the pinion ¢ is not on the 
vertical center line. The keys shown in the sectional view, 
Fig. 20, are semicircular in shape and are known as Woodruff 
keys. In the end view, Fig. 21, none of the gear-wheels are 
shown in full, but they are indicated by circles on which the 
number of teeth and the pitch are written. 
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BLUEPRINTING 

51. Blueprinting is a process of duplicating drawings 
that have been made on tracing paper or cloth. 

All blueprinting processes are based on the action of light on 
certain chemicals with which the blueprint paper is coated; 
therefore, in the process of manufacture the coating is done in 
a dark room, and the paper must be kept away from light until 
used. 

To make a blueprint on the sensitized paper, a frame similar 
to that shown in Fig. 22 is used. This frame holds a large 
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plate of glass, and the removable back of the frame is made in 
three sections a, b, and c, which are hinged together and are 
held in place by spring clips d. The inked surface of the 
tracing cloth is laid in contact with the glass, and the sensitized 
paper is placed with the coated side next to the tracing cloth. 
A piece of felt or blotting paper is then placed at the back and 
the frame is closed ready for making the print. All this 
preparation should be done in a subdued light. 

The frame is then placed so that the sunlight strikes the glass 
squarely, the angle of the frame being changed when necessary 
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to suit the position of the sun. The light shining through the 
glass and the tracing acts on the coating of the paper at all 
parts not protected by the black lines of the tracing, but under 
the lines no action takes place. After exposure to the light 
for the proper length of time the paper is removed and washed 
in water for about 5 minutes. The part of the paper that has 
been acted on by the light will turn blue and the parts not acted 
on will remain white; the result is a print having white lines 
on a blue ground. 


52. Exposure.—An exposure of 1 minute is considered 
correct for paper of the quick-printing variety when printed at 
about midday ona clear day in midsummer, at which time the 
action of the sunlight is strongest. The time of exposure, 
however, will vary with the month of the year, the time of 
day, and the intensity of the light. Some papers also are more 
sensitive than others. Therefore, to obtain prints with clear 
lines and good blue color, some judgment will have to be used 
in determining the proper length of exposure under varying 
conditions. 

The length of exposure necessary to obtain the color of 
print desired may be determined by making a test, as follows: 

Take a strip of blueprint paper about 12 inches long and 
2 inches wide. In subdued light, mark off equal divisions on it 
with a lead pencil and number the parts 1, 2, 3, 4, 5,6. Expose 
the whole strip for 10 seconds, then cover the part of the strip 
marked 1 with a piece of cardboard or anything that will pre- 
vent the light from striking the part covered. After 10 seconds 
more, extend the cover over part 2, and at the end of a third 
interval of 10 seconds cover also part 3, etc. When the minute 
is up, part r will have been exposed 10 seconds, part 2, 20 sec- 
onds, part 3, 30 seconds, etc., part 6 having been exposed 
1 minute. Then remove the paper and wash as described, and 
when it is dry select the specimen having a good deep shade 
of blue. The number on the part chosen will indicate the 
length of time that the print was exposed. Of course, such 
a test could be made to extend to any desired length of 


exposure, 
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53. Treatment of Old Blueprint Paper.—Formulas 
for coating blueprint paper can be found in almost any library, 
but it is cheaper and better to purchase paper already pre- 
pared. Ordinary commercial blueprint paper for sunlight 
exposure will keep from 4 to 6 weeks before commencing to 
deteriorate. If the paper is old or the print slghtly over- 
exposed, the lines will appear pale blue and the background 
fairly dark after washing. Such a print may be improved by 
treatment with a solution of potassium bichromate. 

The bichromate is dissolved in water and the solution is 
diluted until of a light amber color. The print, that has been 
made and washed in the usual manner, is immersed in this solu- 
tion, then taken out, rinsed in water, and dried. This treat- 
ment clears the background and bleaches the lines white, thus 
improving the contrast. 

In this way it is often possible to make a fairly good print on 
paper that otherwise, on account of its age, would not give 
satisfactory results, 


54. Making Alterations on Blueprints.—lf altera- 
tions are desired on a blueprint, white lines can be drawn on 
the print by use of an ink consisting of a strong solution of 
carbonate of soda, which is common washing soda. 


50. Prints With Blue or Brown Lines.—lIt is some- 
times desirable to have a blueprint showing blue lines on a 
white ground—similar to a tracing. This is obtained by first 
making a master print on sepia paper, which gives white lines 
on a brown background, and using this print as a negative 
from which to make a print. The sepia paper has a coating of 
a silver salt that is acted on by sunlight in the same manner as 
is the blueprint paper. A blueprint does not make a satis- 
factory negative, because the blue background does not offer 
sufficient resistance to the action of light. 

In making the brown print that is to be used as a negative, 
the tracing must be put into the frame so that the inked sur- 
face is in direct contact with the sensitized surface of the 
sepia paper. Note that this is contrary to the practice in 
making ordinary blueprints, in which the inked side of the 
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tracing is next to the glass. This difference is necessary, as 
otherwise, in the print made from the negative, right and left 
would be reversed. 

After an exposure of from 2 to 3 minutes in the sun, the 
paper will show the image faintly and the edges beyond the 
tracing will be of a deep tan color. The print is then taken 
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cut and washed for about 5 minutes in clear water and placed 
in a fixing bath made of about 1 ounce of hyposulphite of soda 
to 1 gallon of water. The print is left in this bath for about 
half a minute, then washed in running water for about 10 min- 


utes and hung up to dry. 
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To make a print with blue lines on a white ground, this 
negative is placed in the printing frame so that the surface 
showing the image is in contact with the sensitized surface of 
the blueprint paper and is exposed to the light in the same 
manner as in making other blueprints, though the length of 
exposure will have to be determined by trial. The resulting 
print will show blue lines on a white ground. 

A print having brown lines may be produced in like manner 
by exposing sepia paper under the negative print. The time of 
exposure will be 10 or 15 minutes and the print should be 
washed and fixed as already described. 


56. Blueprinting Apparatus.—lor making large blue- 
prints, an apparatus similar to that shown in Fig. 23 is con- 
venient. This consists of a large printing frame resting on 
tracks that extend outside of a window and have curved ends a 
and b. The frame is pivoted on rollers attached to its sides 
and so placed that they are slightly forward of the center of the 
frame when the glass side is uppermost; the track is made just 
long enough so that when the rollers rest in the curve a the 
rear end of the frame rests on the window sill. 

The tracing and paper are put in the frame while it is in 
the position shown in Fig. 23. After the back and the clamps c 
are in place, the frame, which rests on the rollers in the curved 
ends b of the track, is revolved to bring the glass side upper- 
most and is pushed out till the rollers rest in the curved ends a. 
After exposure, the frame is drawn in, revolved, and the print 
taken out. 

The window shade should be pulled down while putting in 
and taking out the paper, to avoid the action of the strong light, 
which might spoil the paper. 

A piece of wood fastened to the sash, as at d, will make it 
possible to close the window over the rails. 

There are various methods of constructing such tracks and 
supports for the printing frame, and either wood or iron may 
be used, but all operate on the same principle. 


5%. For printing by electric light with the same frame as 
shown in Fig. 23, the frame is turned glass side up but kept 
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inside the room, the inner end being supported by a trestle or 
other suitable means. A high-candlepower incandescent lamp 
is arranged to swing above the frame and a hood or reflector 
concentrates the light on the glass. The lamp is usually kept 
in motion during the exposure, which will be longer than 
required for bright sunlight. 

There are on the market various kinds of blueprinting 
machines for use where large numbers of blueprints are 
required, but for ordinary requirements the apparatus described 
will be sufficient. 


58. Apparatus for Washing Prints.—For washing 
blueprints it is convenient to have a tray large enough to allow 
the print to be laid out flat and to have running water. Such 
a tray may consist of a suitable-sized wooden box 4 to 8 inches 
deep and lined with zinc or galvanized iron. This tray may 
be set under a water faucet, and it should have a drain hole 
with plug at one corner so that the water may be drawn off. 

Should it be necessary to wash a print larger than the tray, 
the print may be lightly folded with the coated side out and 
kept moving when immersed in the water. Use plenty of 
water. 


SHIP DRAFTING 


(PART 1) 
INTRODUCTORY EXPLANATIONS 


DEFINITIONS 


1. From a shipbuilder’s standpoint, a ship is any structure 
of steel or wood that will float in water and carry a load. The 
term vessel also is used with a similar meaning. 

As a rule, the terms vessel, boat, and ship are used indis- 
criminately by the public, and for this reason each will be 
briefly defined. 

Boat, in a broad sense, means any water craft; generally, 
it indicates a small open vessel or water craft moved by oars 
or paddles, but often by a sail or some power mechanism. . 
Usually, the term boat is used in combination with some word 
descriptive of the use or mode of propulsion, such as rowboat, 
sailboat, motor boat, pilot boat, fishing boat, and so on. 

By a vessel is meant a craft designed to float on the water, 
usually one larger than an ordinary rowboat, in fact any water 
craft constructed with a deck. This term may therefore be 
applied to any craft afloat larger than a rowboat. According to 
definition given by the Revised Statutes of the United States, 
the term vessel indicates every description of water craft or 
other artificial contrivance used, or capable of being used, as a 
means of transportation on the water. 

The term ship, on the other hand, properly means a large 
seagoing vessel, usually with three or more masts carrying 
sails. In general, it means a vessel of considerable size, and 
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suitable for deep-water navigation. A ship whose motive power 
is steam is termed a steamship and sometimes steamer. 

A ship or any large vessel is not properly designated a boat, 
which term should be used only when referring to open craft 
of small size, except when a special modifying word precedes 
the term, as in power boat, torpedo boat, towboat, etc. 

Vessels used for purposes of transportation, but provided 
with no means of propulsion, are called scows or barges; 
these are usually moved by towing. Barges are of two kinds, 
those that carry a load entirely on deck, as for instance a car 
float, which is provided with tracks on the deck; and barges 
that carry the load below deck, as a coal barge. The harbor 
lighter, which usually is provided with a steam hoisting engine 
and a derrick, is of the first-mentioned class. Scows and deck- 
load barges usually have square or sloping ends, straight sides, 
and flat bottoms. Some coal barges are scow-shaped and 
others are ship-shaped; that is, have curved lines like a ship. 

Self-propelled vessels were originally moved by means of 
sails, and then, of course, their speed depended on the wind as 
well as on their shape. In 1807, Robert Fulton applied the 
steam engine to ship propulsion, and since then the use of 
steam has constantly increased. Steam was generated origi- 
nally in coal-burning boilers, but now oil is extensively used for 
fuel; in fact, all new United States Navy vessels burn oil. A 
more recent motive power is the internal-combustion engine, 
which consumes heavy oil in the cylinders, thus eliminating the 
boilers entirely. 

Ships originally were built of wood, but at present steel is 
the chief material of construction, as it makes a lighter and 
stronger vessel and gives more internal volume for the same 
outer size. 


2. Displacement.—The extent of a structure’s ability to 
float and to carry a load is determined from the principle of 
Archimedes that a floating body displaces its own weight of 
water; or, inversely, the weight of water displaced or set aside 
by a floating body equals the weight of the body. Hence, a 
ship’s displacement is the weight of the ship and the load 
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that she carries. The dead weight is the weight of cargo, 
fuel, reserve feedwater for boilers, drinking water, stores, 
passengers, and crew, and is always the difference between the 
displacement and the weight of the ship complete, which of 
course includes the weight of the propelling machinery. Thus, 
if a ship has a displacement of 8,000 tons and the weight of 
hull and machinery is 3,500 tons, she is carrying a dead weight 
of 8,000—3,500—4,500 tons. The ton in ship work is always 
understood to be the long ton of 2,240 pounds, except on the 
American Great Lakes, where the ton of 2,000 pounds fre- 
quently is used. This ton weight must not be confused with 
the ton measure of 100 cubic feet, which is used in tonnage 
calculations, as explained more fully later on under the head 
of tonnage. 


3. Shipbuilders’ Terms.—Among  shipbuilders and 
nautical men many terms are used that are peculiar to the busi- 
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\-Midship Section 


Port Side 


Starboard Side 

Fra. 1 
ness. A number of those commonly used are here defined and 
some of those of general applicaticn are illustrated in Fig. 1. 
The meaning of many of the others and of those that may be 
encountered from time to time in the text will best be under- 
stood by referring to the lettered parts on the various illustra- 
tions and plates. 

4, The hull is the body of a ship, exclusive of masts, 
rigging, and machinery. A deck is a platform, or horizontal 
structure, covering or dividing the space within a ship’s hull and 
forming the top of a compartment. A hatch is an opening 
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in a deck affording passage to a hold for cargo; the raised 
structure surrounding a hatch is called a hatch coaming. 
The hold is the space below decks that is used for the stowage 
of cargo, etc. 

The fore, or front, end of a boat or ship is called the bow; 
the after, or rear, part is the stern. The foremost part of the 
ship’s structure, the part that cleaves the water, is called the 
stem. | 

The direction toward the bow is called forward; toward the 
stern is aft. In speaking of the position of any part relatively 
to another part, the terms before or abaft are used in the 
sense of forward of or aft of, respectively. 

The center line extends through the center of the ship 
from bow to stern. This line divides the ship into two equal 
parts and coincides with the direction of the keel, which is the 
lowest lengthwise member of the ship’s structure. The part of 
a ship on the right of a person on the ship and facing the bow 
is known as the starboard side, and that on the left, as the 
port side. 

The midship section, a term more accurately described 
later, is a vertical cross-section of a ship taken midway between 
the bow and the stern, this part being usually the widest and 
fullest. 

The distance from the bottom of the keel to the surface of 
the water when the ship is afloat is the draft of the ship, or the 
amount of water the ship draws. The load draft is the 
draft to which it is permissible to load a vessel. The difference 
between the drafts forward and aft is called the trim, and the 
mean between the two drafts is called the mean draft. For 
example, a ship drawing 22 feet of water forward and 24 feet 
aft is said to be trimming, or to trim, 2 feet by the stern, 
and her mean draft is eh =23 feet. The mean draft is 
used in calculating the displacement of a ship. 

The freeboard is that part of a ship’s side between the sur- 
face of the water and the upper side of the uppermost complete 
deck, a complete deck being one that extends the full length 
and width of the ship. 
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Ship-shaped bodies are tapered, or fined, to use a marine 
term, toward the ends. If the middle portion of the vessel is 
of constant form for any considerable distance, the vessel is 
said to have a dead-flat, or parallel, middie body of that 
length. The fining of the ends permits the vessel to pass 
through the water with less disturbance and hence by the 
expenditure of a smaller amount of power than if she were 
square ended. 


5. Coefficients—For the purpose of comparison of the 
models, or forms, of ships having different proportions, various 
coefficients are used. The more commonly used of these are 
here explained and illustrated with reference to a ship 400 feet 
long, 50 feet wide, drawing 25 feet of water, and displacing 
10,000 tons of salt water at 
that draft. Water hing 


6. The block coeffi- 
cient is used to express the 
fineness of a vessel’s model. 
The block coefficient is the 
ratio between the volume of 
the submerged portion of the 
vessel and the volume of a rectangular block of the same length, 
breadth, and draft as the ship. As in this case the ship dis- 
places 10,000 tons of salt water, and 35 cubic feet of water 
weighs 1 ton, the volume of the ship below the water-line is 
10,000 35=350,000 cubic feet. The volume of the surround- 
ing rectangular block of the same depth is 400X50X25 
350,000 
500,000 
=.70. The greater the block coefficient, the fuller is the vessel 
and the nearer does its volume approach that of the surround- 
ing block. The block coefficient of cargo steamers varies from 
about .70 to .82, while for yachts, torpedo boats, and other fast 
craft it runs as low as .35 or .40. 


Midship Section 


Area 1225 Sq. Fi. 


d 
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=500,000 cubic feet. Then the bluck coefficient is 


7. The midship-section coefficient is the ratiobetween 
the area of the immersed portion of the midship section of a 
vessel and the area of the circumscribed rectangle. In Fig. 2, 
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aeb represents the immersed portion of the midship section 
and its area is given as 1,225 square feet. According to the 
dimensions given, the area of the circumscribed rectangle 
abed is 50X25=1,250 square feet; the mudship-section 
1225 

coefficient is therefore ‘0 

8. The prismatic coefficient is the ratio between the 
volume of that part of a ship below water-line and the volume 
of a prism having a length equal to that of the vessel and a 
cross-section equal to the submerged part of the miudship 
section. In this case, as shown in Fig. 2, the area of the sub- 
merged part of the midship section is 1,225 square feet, and as 
the length of the ship is 400 feet, the volume of the prism is 


f 


tf P J 
a 400 Ft. ee ee 


Era 


400 X 1,225—490,000 cubic feet. As already found, the volume 
of the submerged portion of the ship is 350,000 cubic feet ; then, 
350,000 795, 

490,000 


the prismatic coefficient is 


9. The water-line coefficient is the ratio between the 
area included by the water-line of a ship and the area of a cir- 
cumscribed rectangle. For example, in Fig. 3, abcd is the 
plan of the ship’s water-line, and the area included by it is given 
as 15,200 square feet. The area of the circumscribed rectangle 
is 400X50=20,000 square feet. The water-line coefficient 

2 S200. i 
therefore is 20.0007 °°: 
Naturally, all these coefficients change with change of draft. 
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TYPES OF SHIPS 


10. Throughout the discussion of vessels, it is necessary to 
refer to different types of ships or vessels and their structural 
parts. Frequent mention must also be made.of the many 
spaces into which vessels are divided. In doing this, technical 
terms must be used which, though familiar to shipbuilders and 
seafaring men, are not a part of the vocabulary of those not 
connected with ships and shipping, therefore it is advisable first 
to distinguish and illustrate the main types of ocean vessels 
and to designate the locations and names of the main structural 
parts and the principal spaces within such vessels. 


1i. Structural Designation of Ships.—A _ vessel’s 
type is indicated by the number of its decks, by the character- 
istics of its structures above the main deck, by the fuel it uses, 
and by the kind of engines and the number of propellers with 
which it is equipped. There are many variations in the struc- 
tural details of vessels, but the main types of ships may be 
designated as just mentioned. 


12. Names of Decks.—Small freight vessels have one 
deck; medium-sized freight and passenger ships have one or 
two decks; large freight vessels and those carrying both 
freight and passengers usually have three or more full decks, 
above which there may be one or more decks extending less 
than the full length of the vessel and enclosing successive tiers 
of superstructures. When there are three decks they are desig- 
nated as the lower, the main (or middle), and the upper deck. 
If there are four full decks, the fourth deck is generally called 
the shelter deck, above which there may be a bridge deck, a 
promenade deck, and a boat deck. The decks above the shelter 
deck do not extend the full length of the hull. 

The nomenclature of decks varies with different owners and 
builders and is not necessarily constant. A system largely in 
vogue at the present time designates the upper continous deck 
as the upper or the shelter deck, depending on its strength, and 
those below as second deck, third deck, ete. 


OA) 
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A lower deck not extending the full length of the vessel is 
sometimes called the orlop deck. 
Figs. 4 and 5 are half midship sections showing the names 
and locations of the different decks and some of the features 


Main Deck 


keelson 


Fre. 4 


of construction. Fig. 4 represents a single-deck vessel, and 
Fig. 5 a two-deck vessel; the locations of other decks are 
shown further on, in Figs. 11 and 12. 
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13. Single-deck vessels are used principally for carrying 
coal, lumber, and other kinds of cargo that is not damaged by 
high (that is, deep) stowage, but large single-deck vessels are 
not well suited for package freight, the bottom cases of 


Main Deck 


Lower Deck (24 Deck) 


which would be damaged if stowed deep. Besides, in a single- 
deck vessel the cargo on top must always be unloaded first; 
whereas, in a ship having several decks, cargo may be dis- 
charged from all the decks at once through the hatches or 
through ports in the sides of the shell, these ports of course 
being water-tight when closed. Such cargo-handling facilities 
are of advantage to a vessel calling at several different ports. 
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14. Ship-Construction Methods.—To make plain 
some of the methods used in constructing vessels, Fig. 6 is 
given. This shows partly in perspective a half midship section 


Fic. 6 


of a two-deck vessel having web frames and a double bottom. 
The names and locations of the various members can be found 
from the numbers on the cut and the references on the oppo- 
site page. From this illustration and the list it will be possible 


to identify the principal parts that may be mentioned in the 
following pages. 


§ 15 SE ORAL TENG iol 
Names or Parts Inpicatep By NuMBERS 
1 Keel; side bar keel. 19 Upper-deck sheerstrake. 
2 Garboard; garboard strake. 20 Upper-deck pillars; upper- 
3 Center girder; vertical center deck stanchions. 
plate; center through plate 21 Upper-deck beams. 
keel or keelson. 22 Upper deck. 
4 Side girders; side keelsons. 23 Bulwark stay. 
5 Margin plate. 24 Bulwark plating. 
6 Floors; intercostal floors. 25 Main rail. 
7 Brackets. 26 Bottom shell plating. 
8 Inner bottom; top of double 27 Bilge shell plating. 
bottom; top of tank. 28 Side shell plating. 
9 Bilge brackets. 29 Ordinary frames out of inner 
10 Web frames. bottom. 
11 Side stringers. 30 Deck beam brackets. 
12 Diamond plates. 31 Edge laps of shell and deck 
13 Hold pillars; hold stanchions. plating. 
14. Main-deck beams. 32 Butt laps of tank top and deck 
15 Main-deck stringer. plating. 
16 Main-deck plating. 33 Frames in inner bottom. 
17 Main-deck sheerstrake. 34 Reverse frames in inner bot- 
18 Topside strake. tom. 


The strength of a vessel depends upon the weight and 
strength of its transverse framing, which consists of the floors 
6 and frames 33, 34, and 29 to which the plates enclosing the 
hull are riveted. The minimum size of frames for different 
types of vessels is prescribed by the rules established by Lloyd’s 
Association and similar organizations which classify vessels 
and give them the rating upon which insurance rates depend. 
The transverse frames are placed from 18 to 36 inches apart 
and the framing may be strengthened in various ways: (1) By 
deep framing, that is, by making the transverse frames deeper 
and stronger; (2) by substituting web frames or beams for 
each sixth to tenth transverse frame; and (3) by increasing the 
number and dimensions of the longitudinal beams or stringers. 
that give longitudinal strength to the vessel. 

The longitudinal strength depends on the strength of the top 
and bottom members of the ship’s structure. A ship may be 
considered a beam, and when floating with the crest of a 
wave amidships, it is largely supported amidships and has little 
support at the ends. Thus the ends tend to sag and the top 
deck is put in tension and the bottom in compression. This is 
called a hogging condition. If the ship is floating with the hol- 
low of the wave amidships the reverse is the case; that is, the 
support is largely at the ends and the middle tends to sag and 
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put the bottom in tension and the top deck in compression. 
This is called the sagging condition. It is, therefore, readily 
seen that the top deck and the ship’s bottom plating and the 
inner-bottom plating are very important strength members, and 
the heavier these are the greater stress they can stand. Accord- 
ingly, for the same size, that vessel which has these members 
the heavier can safely load to a deeper draft. 


15. Practically every vessel is now constructed with a 
double bottom, the space between the inner and outer plating 
being used to carry water ballast. Certain compartments may 
be used to carry fresh water for the boilers, and in the case of 
ships with oil-burning boilers or internal combustion engines a 
portion of the tank space in the double bottom may be used to 
store fuel oil. 

The prevailing method of constructing the double bottom of 
vessels is illustrated in Fig. 6. The form shown is called a 


Poop Forecastle 


Main Deck” 


Bre: 7 


cellular double bottom. The floors are vertical plates support- 
ing the inner bottom, and are not horizontal plates as the name 
would indicate. As shown in Fig. 6, the side girders, or side 
keelsons, 4 extend parallel to the center keelson 3, and are 
intercostal between floors 6. By the term intercostal, it is 
meant that the member is cut at the parts between which it is 
said to be intercostal. The floors 6 are continuous between the 
center keelson and the margin plate 5. 


16. The framing of the vessel shown in Fig. 6 consists of 
ordinary frames 29 with w eb frames ro every fifth frame and 
heavy longitudinal side stringers placed intercostally between 
the web frames, the stringers being cut at each web. The web 
frames extend only to the main deck and there is a main-deck 
beam 14 connected by a bracket 30 to each frame; the main- 
deck floor is of steel plates 16. The upper-deck construction 
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is lighter; there are beams only for each alternate frame and 
the deck flooring is of wood. Instead of using web frames to 
strengthen the hulls of vessels from which, as in Fig. 10, the 
lower deck is omitted, it is now more usual to employ deep 
framing ; that is, to use for the frames deeper angles all of the 
same size. This method gives better cargo stowage, 


1%. The present-day practice is to omit also the side 
stringers, except in the ends of the vessel, as they break up 
cargo stowage and make the structure more complicated. Their 
original purpose was to serve as beams to support the frames, 
and the stringers were in turn supported by transverse bulk- 
heads at distances of 50 feet or more apart. Without stringers, 
the frames are supported at the margin plate and at the deck, 
and as the distance between these two points of support is less 
than the usual length between the bulkheads in the hold, the 
strength is obtained in the least dimension. By making the 
ordinary transverse frame heavier and stronger, the transverse 
strength is maintained at a much lower cost in material and 
in a simpler manner. Stringers tie the frames together and 
prevent them from lying down, or buckling, but it is doubtful 
whether the tendency for the frames to lie down is so great as 
has been supposed. 


18. Well-Deck Steamers.—The early ocean steamers 
were and many freight vessels now in service are constructed 
with two full decks, a lower and a main deck, above which 
are placed the three usual superstructures—the forecastle, 
the bridge, and the poop. The outline sketch, Fig. 7, indi- 
cates the general design of the two-deck vessel. The spaces 
between the forecastle and the bridge and the bridge and the 
poop are sometimes called wells, and such a steamer is called 
a well-deck steamer, 


19. In Fig. 8, which is a detailed profile of a simple, single- 
deck, well-deck steamer, can be seen the location of the main 
parts of the ship. The vessel has a double bottom containing 
water-ballast tanks. As is customary, the narrow parts of the 
ship at the bow and stern contain peak tanks that are generally 
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used to carry water ballast. The bridge, as is usual, is built 
around the casings that enclose the smokestack and the venti- 
lating spaces above the engine and boilers. The poop and the 
forecastle are closed in and used for crew’s quarters and freight 
stowage. The profile also shows such other parts of steamers 
as the anchor-chain locker, bulkheads, hatches, shaft tunnel, 
engine space, boiler space, donkey boiler recess, water-ballast 
tanks, steering-gear house, deck houses, etc. A study of the 
names and locations of the parts shown will render under- 
standable any references to them that may be made in suc- 
ceeding pages. 


20. Ships Classed According to Framing and 
Decks.—According to the strength of the structure, a vessel 
is called either a full-scantling ship; a spar-deck ship; an 
awning-deck ship, or a shelter-deck ship. 

In a full-scantling, or three-deck, ship the frames are 
carried full size to the upper continuous deck, called the upper 
deck, which in this case is the strength deck of the ship, and 
the deck below it may be called the second deck. 

When the frames between the second deck and the upper 
deck are made somewhat lighter than those below and the 
upper deck also is of lighter construction, the vessel is a spar- 
deck ship; and if the construction above the second deck is 
still lighter and the second deck is the strength deck, the vessel 
is called an awning-deck ship. The space between the awn- 
ing deck and the second deck is closed against the entrance of 
the sea and is used to carry passengers, cattle, or light cargo. 

If there are one or more permanent openings or hatches left 
in the upper continuous deck, so that in heavy weather the sea 
might invade the space between the upper and the second decks, 
the upper continuous deck is called a shelter deck—not an 
awning deck—and the vessel is called a shelter-deck ship. 
Fig. 9 is a profile of a shelter-deck cargo steamer. 

Fig. 10 is a midship half section showing one form of con- 
struction of a vessel with two decks besides a shelter deck. In 
this case the framing is reduced in strength above the third 
deck and is still lighter above the second deck. 
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21. The use of the term shelter deck in shipping literature 
is now somewhat indefinite, since the present-day shelter-deck 
vessel as built in the United States differs from the three-deck, 
or full-scantling, vessel only in being of slightly lighter con- 
struction, and therefore being not allowed to load so deep in 
the water as a full-scantling vessel of the same dimensions. 
The permanent opening referred to in the definition just 
given is not provided, as under the United States rules for 
measurement of tonnage such openings do not give the ton- 
nage advantages that they do under the rules of some foreign 
countries. What these advantages are will be understood 
from the following explanation. 


22. Tonnage is an index or measure of a vessel’s interior 
volume, and this volume is determined by certain arbitrary 
rules that are the same for all vessels and that give approxi- 
mately the internal volume. As certain charges are based on 
tonnage, it materially affects the cost of operating a vessel. 

Gross tonnage, as its name implies, is a measure of a ship’s 
total internal volume with a few deductions. The net ton- 
nage is a measure of the earning volume of a ship, and is 
obtained by deducting from the gross tonnage the tonnage of 
the crew spaces, an allowance for machinery space and fuel 
bunkers, and other spaces necessary for working the ship. 

In tonnage calculations, a ton is 100 cubic feet; that is, a 
vessel of 10,000 gross tons has an internal volume, calculated 
by the tonnage rules, of 1,000,000 cubic feet. There have 
been various types of vessels devised by which the volume of a 
vessel as defined by these rules could be made to appear less 
than was actually the case. The shelter-deck vessel is of this 
class. In Great Britain, if there is an opening in the shelter 
deck of not less than a minimum prescribed size and there is 
no permanent means of closing it, the space between the shelter 
deck and the second deck thus being directly open to the air, 
this space is not included in the tonnage. The American ton- 
nage rules, however, do include this space, and the same rule 
also applies to a bridge erection with no permanent means of 
closing the ends. 
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23. The full-scantling, or three-deck, vessel and the 
shelter-deck vessel are the usual types of vessels built today 
for general cargo purposes, though single-deck vessels are 
used for carrying coal, lumber, and other freight that can be 
stowed deep without being damaged. The larger ocean freight 
vessels in service at the present time have at least four full- 
length decks, and if constructed for the combined freight and 
passenger services there may be two or three tiers of super- 
structures above the upper continuous deck. 


24. Passenger and Freight Steamer for Panama 
Canal Traffic.—Figs. 11 and 12 illustrate the construction 
and arrangement of a vessel designed with particular reference 
to the traffic through the Panama Canal. Fig. 11 is a midship 
section, and Fig. 12 shows an outboard and an inboard profile 
of the ship and a plan of the lower deck, outboard as here 
used meaning the outside of the vessel and inboard meaning 
the inside. As ordinarily used, the direction inboard is toward 
the center line of the vessel and outboard is away from the 
center line. 

The vessel’s length is 500 feet, beam 64 feet 6 inches, depth, 
to the shelter deck, 42 feet, and she has four full decks—the 
lower, main, upper, and shelter decks. The space between the 
shelter deck and the upper deck, as shown in Fig. 12, is 
devoted to passenger accommodations and the stowage of 
stores and refrigerator cargo. It will be noted that this vessel, 
being intended to carry miscellaneous cargo and package 
freight, has lower-deck beams and plating, there being no 
necessity for keeping the hold without subdivision, other than 
bulkheads, below the main deck; in vessels where the require- 
ments of the service are different, this deck is often omitted. 
For all decks below the boat deck, there is a beam on every 
frame. The pillars, or stanchions, are spaced 15 feet apart. 
The frames are spaced 24 inches apart at the peaks, 30 inches 
between the forward peak and one-fifth length forward, and 
36 inches elsewhere. Below the main deck there are three 
web frames on each side of the engine room and two on each 
side of the boiler room. To strengthen the vessel amidships, 
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web frames are introduced into the framing from the main 
deck up to the promenade deck. 

The outboard profile in Fig. 12 shows the superstructures 
usual for a combination freight and passenger steamer. There 
is a forecastle, which is used for stowage purposes, and the 
poop and the after part of the tween decks under the shelter 
deck are devoted to third-class passenger accommodations. 
There are no second-class rooms. The first-class passenger 
accommodations are amidships between the upper and shelter 
decks and above the shelter deck in the amidship superstruc- 
tures, of which there are three tiers covered by the bridge, 
promenade, and boat decks. The wheel house and chart room 
are on a short deck one tier above the boat deck. The light 
and air hatches and the stack casing are enclosed by the sur- 
rounding superstructures. It is seen at a glance that the 
number of superstructures on this vessel is much greater than 
in case of the ordinary single-deck well-deck steamer shown 
in Fig. 8. 

The inboard profile in Fig. 12 shows the use to be made 
of each of the subdivisions of the above-deck and under- 
deck spaces. The plan of the lower deck shows the location 
of the several hatches. The vessel is to use fuel oil carried 
partly in the double bottom and partly in a large ’thwartships 
tank between the engine and boiler rooms. There are three 
propellers, the side propellers being driven by reciprocating 
engines, the center screw having a turbine engine. 

A vessel of the type illustrated by Figs. 11 and 12 has a 
speed of 15 or 16 knots per hour—a knot being 6,080 feet— 
and has too high construction and operation costs for the 
transportation of heavy or low-grade freight. It is intended 
for the transportation of high-grade, miscellaneous, and 
express freight at such speed—l4 or 15 knots—as must be 
maintained by a vessel in the passenger service through the 
canal. 

. 25. Freight Steamer for General Ocean Traffic. 
Fig. 13 gives midship section and Fig. 14 a profile of one of 
the eight vessels constituting the 1912 and 1913 additions to 
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the fleet of the American-Hawaiian Steam- 
ship Company. The vessels of this type are 
designed solely for the transportation of 
freight, and are operated at a speed of about 
11 to 12 knots per hour. The vessels are 
about 415 feet long between perpendiculars, 
53 feet 6 inches beam, and 39 feet 6 inches 
molded depth to the shelter deck. Each ves- 
sel will carry about 10,000 tons dead weight. 

The main structural features of these ves- 
sels are shown in Fig. 13. The ship is a 
shelter-deck vessel, with a cellular double 
bottom, and built on the Iserwood system 
of framing. In this system, the main frames 
run longitudinally and are supported by the 
bulkheads and by transverses or webs spaced 
from 8 to 10 feet apart. Deck beams are 
also longitudinal and supported like the 
frames. This system gives, for the same 
strength, a somewhat lighter steel structure 
than other systems. 

The left half of Fig. 13 is a section for- 
ward and aft of the engine room and boat 
deck; while the right half of the drawing 
gives the section through the engine room. 
The crown of the engine room is at the 
second deck, above which the air hatch 
extends through the shelter and boat decks. 

The vessel is without forecastle. Above 
the shelter deck, however, there are two part- 
length decks—the boat and bridge decks. 
Crew accommodations are provided in a 
short poop house and in the midship house 
under the boat deck. The officers’ quarters 
are on the boat deck, and there is a bridge 
above the boat deck. Since this vessel is 
designed solely for the freight service, the 
number of above-deck erections is far smaller 
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than in the case of the combination freight and passenger 
steamer illustrated in Figs. 11 and 12. The profile shows 
the location of the orlop deck and of those above, of the 
engine and boiler rooms, and of the deep tank. The vessel 
is a single-screw steamer with oil-burning, reciprocating 
engines. Fuel oil is ordinarily carried in the large deep tank 
placed athwartships forward of the boilers. The double- 
bottom and the peak tanks are ordinarily used for water 
ballast except when long-distance steaming requires their use 
for fuel oil. 


26. Oil-Carrying, or Tank, Steamer.—Figs. 15 and 16 
show in outline the usual type of vessels employed for carry- 
ing oil in bulk. The machinery is placed 
aft as it is in present-day colliers. The 
main tanks are made narrow at the top in 
Expansion the expansion trunk to secure stability 

witha. tree surface. If the free surface, 
or top, of the oil extended clear across the 
vessel, the stability would be seriously 
impaired. About 95 per cent. of the space 
is filled; the remaining 5 per cent. is left 
empty, to provide for expansion. Hence, 
this narrow part is called an expansion 
hatch or the part below the upper deck an expansion trunk. 
The tanks do not exceed about 27 feet in length and are 
separated all the length fore and aft by an oil-tight center- 
line bulkhead forming port and starboard tanks, indicated by 
P & S in Fig. 15, The oil extends clear to the sides and 
bottom of the vessel, there being no double bottom except 
under the machinery where the space is used for reserve feed- 
water. The summer tanks, as they are called, extend along 
the second deck at each side of the expansion trunk abreast 
the fuel and cargo-oil tanks and are used to carry oil when it 
is of such a density or specific gravity that the quantity carried 
in the main tanks would not bring the vessel to her load draft. 
They can be used when carrying gasoline. The fuel is dis- 
tributed forward and aft to prevent the excessive trim which 
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would result if all the fuel were consumed from one end. The 
cargo is loaded and unloaded through large pipes running the 
whole length of the cargo spaces and near the bottom of 
the vessel. Unloading is usually accomplished by means of the 
cargo oil pumps located in the space amidships. The coffer- 
dam is a small compartment into which any leakage from 
adjoining oil tanks collects; in this case it insulates the boiler 
room from the fuel tank and prevents any leakage from get- 
ting into the boiler room. Not always, however, are fuel tanks 
so separated from the boiler room; but it is the safer way. 

There are many other special types of merchant vessels 
designed for particular trades or cargoes, but the foregoing 
will serve to illustrate to the uninitiated some of the general 
features of our merchant marine. 


PRINCIPAL DIMENSIONS OF A SHIP 


27. To one unacquainted with ships, the dimensions convey 
a better idea of size than does the tonnage, which is the marine 
term usually employed to denote size. 


28. The three dimensions of a ship are length, breadth, 
and depth. The points at which these measurements are 
taken, as referred to in the explanations that follow, are 
indicated in the profile and cross-section in plate entitled 
Lines, 1051. 


29. There are three different lengths to be considered, as 
follows: 

1. The length between perpendiculars, sometimes called 
length on load water-line, load water-line (abbreviated 
L. L.), meaning the water-line at which a vessel floats when 
carrying the designed load of cargo, fuel, etc. Length between 
perpendiculars (abbreviated L. B. P. or L. P. P.) is meas- 
ured on the load water-line, from the fore side of the stem to 
the after side of the stern post. The forward perpendic- 
ular is the vertical line through the intersection of the load 
water-line with the fore side of the stem; the after perpen- 
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dicular is the after side of the stern post at the load water- 
line. 

2. The length over all, which is the extreme length from 
the foremost part of the stem to the extreme after part of the 
hull. Abbreviation is L. O. A. 

3. Another length adopted by some classification societies 
is the horizontal length from the fore side of the stem at the 
upper deck to the 
after side of the stern 
post. 

When in the fol- 
lowing discussions 
the length of a ship 
is mentioned without 
qualification, the 
length between per- 
pendiculars will be 
meant. 
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30. Breadth, or 
beam, is usually meas- 
ured over the frames 
—not the outer shell 
at the widest part 
of ‘the vessel. This 
is the molded breadth, 
Fic. 17 or molded beam. 


Molded Line 


31. Depth.—The molded depth is measured half way 
between the perpendiculars and from the top of the upper 
deck beam at the side to the base line of the vessel, or the 
upper side of the keel plate. 


32. The molded line to which the molded breadth and 
the molded depth are measured is plainly shown in Fig. 17, 
which represents the intersection of a deck beam with the side 
frame of a ship. The points between which the molded depth 
and the molded breadth are measured are well shown in Fig. 11. 
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DRAWING PLATES 


oo. Ship drafting requires not only a knowledge of struc- 
tural and mechanical drafting, but also an understanding of 
certain special work peculiar to the business. The purpose of 
the following series of drawing plates is to illustrate the 
various classes of this work. 


PLATE 1051, TITLE: LINES 


34. One of the first drawings that is made for a proposed 
vessel is that showing her shape, or form, and this drawing is 
called the Lines. The making of it requires the use of facili- 
ties and appliances not usually possessed by the individual, 
therefore the making of it will not be required here, but it will 
be carefully described in order that the draftsman may become 
familiar with it and understand the manner in which the shapes 
are represented and the meaning of the various lines. 

The Lines drawing, as shown on the plate, is a projection 
drawing and shows the molded form of the vessel, as it is 
called; that is, the form over which the shell or outer plating 
is placed. The lines show the surface developed by the series 
of frames, which are regularly spaced throughout the length 
of the vessel. Such a drawing is usually made on a scale of 
1 inch=1 foot, and therefore, for the 275-foot ship repre- 
sented on the plate, would be nearly 6 feet long. 


395. It is evident that to make such a drawing special 
means must be supplied for drawing the numerous curved 
lines of slight or irregular bend, as these lines must be what 
-are called fair lines; that is, curving smoothly without humps 
or hollows. Such curves are drawn -by the use of battens, 
or splines. These are thin, smooth, regular-edged strips of 
wood or hard rubber of square or rectangular cross-section, 
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those of hard rubber often having a rectangular groove cut 
in the side, as shown in Fig. 18. These battens can be bent to 
any required curves, and are held in place on the drawing paper 
by lead or iron weights, weighing from 2 pounds upwards, into 
each of which is cast a piece of heavy wire having a chisel, or 
wedge, point that fits into the groove of the rubber batten, as 
shown in Fig. 18, or rests on the top of the wooden one. 

The battens are of various lengths and cross-sections, and 
they may be of constant cross-section or they may taper. For 
regular curves, those of constant cross-section are used. For 
lines that are flat at one end and curved at the other, a batten 
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tapered at one end may be used; for lines that are flat or 
slightly curved at the ends and sharply curved in the middle, a 
batten thick at both ends and tapering toward the middle is 
used. 

Also, curved lines may be drawn by means of ship curves 
of forms like those shown in Fig. 19. Such curves are made 
of wood, rubber, or celluloid. 

In absence of proper splines or ship curves, a substitute may 
be made by laying a piece of medium-weight bristol board on a 
board and cutting a curve by a sweeping stroke with a sharp 
knife. Several attempts may be necessary, but usually some 
part of the curve so cut can be found that is suitable for the 
desired lines. 

The other tools required for ship drafting are an accurate 
straightedge, preferably of steel, accurate triangles, and the 
usual mechanical-drawing tools. As a set of battens and ship 
curves is rather expensive, such apparatus is not often owned 
by the draftsman, but is usually supplied by the drawing room, 
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which is one of the reasons that the student in this case is not 


required to draw the Lines plate. 
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36. Fig. 20 is a picture of an ocean steamer on the launch- 
ing ways, where the form and outline of the ship, both above 
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and below water-line, can be plainly seen. It will help to 
make plain a number of features that will be referred to in 
connection with the projection oe shown on the plate 
entitled Lines. 


3%. The Lines drawing, shown on Plate 1051, consists of 
three parts—a plan (a), usually called the water-line plan; 
an elevation, or shecr drawing, (b) ; and an end view, or sec- 
tion, (c) known as the body plan. 

On the plate, the base lines bb and dd are in the same 
straight line, and the center line aa, for view (a), which is for 
half the vessel, is parallel to bb. As a vessel is symmetrical 
about the center line, only one side needs to be drawn. 

The center line cc of the body plan (c) is perpendicular to 
the base line dd. Side lines de are drawn perpendicular to d d 
and distant from cca distance equal to half the molded beam. 
In view (b) are drawn elevations of water-lines, equally 
spaced and eles to the base line bb; these are marked 
eee. ie ee es etc, and are also projected to 
view (c) and eee T, 2, 3, etc. on the right-hand side. 

The’ line drawn perpendicular to the base line bb through 
the intersection of the load water-line L L and the forward 
side of the stem is called the forward perpendicular, and 
the point where this line cuts the base line is marked F. P. 
The after side of the stern frame is perpendicular to the base 
line and is known as the after perpendicular, and the inter- 
section of this line continued and the base line is marked A. P. 
Points F.P. and A.P. are projected onto the plan (a) 
points o and 20, respectively. The length o to 20, or F.P. 
to A. P., is the length between perpendiculars and is frequently 
expressed as L.B.P. or L.P.P. This length is divided into 
an even number of spaces, by stations, or body lines, numbered 
consecutively from z to 19. The middle station zo is called 
the midship section and is usually the fullest part of the 
vessel. It is also the center between perpendiculars and is 
expressed as C. B. P. or marked with the character indicated 
in view (b). Half stations, as shown, are marked at the ends 


of the vessel. 
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In view (c), equally spaced from cc on each side, are sec- 
tion lines marked Section 1, Section 2, etc. These are also 
shown as straight lines in the plan (a). On each side of C on 
base line dd is laid off the half siding Cf and from f are 
drawn the straight lines fg. The distance dg is known as 
the dead rise, or rise of the floor. This rise is to give a drain- 
age for water toward the center line of the vessel. The half 
siding will be explained later. 


38. The water-lines 1, 2, 3, 4, 5, 6 shown in view (a) are 
horizontal sectional views representing the boundaries of the 
figures generated by horizontal planes cutting the hull at 
different elevations; they are therefore projected as straight 
lines in the elevation (>) and in the cross-section, or body 
plan (c), in which they represent the lines of water levels on 
the side of the ship. 

The stations, numbered o to 20, represent vertical trans- 
verse sections, and they therefore appear as straight lines in 
the elevation (b) and the plan (a); in view (c) they appear 
as curved and they can be identified by the numbers at their 
intersections with Diagonal A. 

The sections 1, 2, 3, 4 represent vertical longitudinal sec- 
tions, which are straight lines in views (a) and (c) but are 
curved in view (0), these curves being called buttocks. 

To make plain the reason for, and the meaning of, these 
various curves, Fig. 21 is given. In this is shown in perspec- 
tive the form of a ship, on one-half of which the section lines, 
water-lines, and stations are marked in the same way as on 
the plate. If the ship were sliced vertically, lengthwise along 
the section lines, the ends of each section would have the out- 
lines made by the curved lines seen at the bow and stern, 
which are the same as the curves shown in view (0) of the 
plate. Such a slice at section 4 is shown in the longitudinal 
section in Fig. 21. The curves of the section lines in view (b) 
represent merely the boundaries of the figures generated by 
vertical planes cutting the curved hull of a ship longitudinally 
parallel with the center line. 
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The six cross-sections in Fig. 21 show the outlines made 
by cutting the ship transversely at stations of corresponding 
numbers; and it will be noted that the outline of each figure 
corresponds to the curve having the same number in view (c) 
of the plate; for example, the right-hand outline of the cross- 
section numbered 2 corresponds to the line + yn C of view (c) 
and this line represents station 2 in view (b). The curves in 
view (c) therefore represent the boundaries of the figures 
generated by vertical planes cutting the hull transversely at the 
various stations. 


39. The top deck of a vessel (in these views marked Main 
Deck) is usually crowned, or cambered; that is, the deck is 
higher at the center than at the sides in order to make water 
drain to the sides of the deck. The intersection of the main 
deck and the shell appears in all views. The intersection of 
the deck and the transverse planes is not shown. . 

The rail, or gunwale, is the top of the outer plating of the 
vessel that extends up above the deck line. The lines of the 
gunwale are usually parallel to the deck line. The curvature 
of the rail and the deck lines in the elevation is called sheer, 
from which the elevation is sometimes called the sheer plan. 
The difference between the height of the deck at any point and 
the height above the base line at the middle of the length of 
the vessel is called the sheer at that point. 


40. In the body plan, the midship station is outlined to 
right and left, so that the body plan appears symmetrical. As 
the cross-sections at all stations are symmetrical about a ver- 
tical center line, one side only need be drawn; therefore, in 
the body plan, the stations shown at the right of the center 
line are those forward of amidships and those to the left are 
aft of amidships. Likewise, the water-lines in view (a) are 
drawn to one side only of the center line. 

The top, or main-deck, line is drawn on the water-line 
drawing (a), and at the after part the rail line is shown. 
Attention is called to the fact that the lower water-lines are 
finer, or sharper, aft than forward, while the upper water- 
lines are the reverse and the deck line is very blunt aft. The 
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projection of the vessel aft of the after perpendicular is called 
the overhang, or counter. The purpose of this is to give 
protection to the rudder and propeller; as this part is not in 
the water, it adds nothing to the resistance of the vessel, and 


Fic, 22 


by making the overhang wide much deck room and interior 
volume are gained. 

Fig. 22 shows the after part of the vessel and gives a good 
idea of how the water-lines curve in to the center line at the 
stern. When the vessel is afloat, the depth of water she draws 
can be read from the vertical line of figures near the stern. 
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41. The sheer of the deck is projected to the body plan (c) 
by projecting from view (b) points representing the heights 
of the deck at its intersection with the different stations. 
Thus, ¢ is the intersection of the main deck with station 3, 
and y and 4 are the intersections of the miain and the fore- 
castle decks, respectively, with station 2; other points can be 
located in like manner in view (c), each of them being placed 
the same distance from the center as it is in view (a). The 
curve connecting the points so located on the right-hand side 
will be the projection of the sheer of the deck from the mid- 
ship station forward. The projection of the sheer of the deck 
aft is drawn in a similar manner, projections being made from 
whatever number of stations are necessary to outline the curve 
on the left of the center line. 


42. For the main deck, the sheer forward is 7 feet 
8 inches, being the difference between the depth at the for- 
ward perpendicular, 30 feet 4 inches, and the depth molded 
amidships, which is given as 22 feet 8 inches. Similarly, the 
sheer at the after perpendicular is 3 feet 4 inches. The verti- 
cal height between the main deck and the bridge deck, 8 feet 
O inches, is called the deck height, or height between decks, 
this term of course being applicable to the height between any 
pair of decks. 


43. The knuckle is the line where the sloping outer 
surface of the after part of the ship intersects the steeper 
surface of the hull that extends up from slightly above the 
deck. In view (0) of the plate, the knuckle disappears for- 
ward of station 184, beyond which point there is no break in 
the fair surface from bottom to rail. In Fig. 22 the line of the 
knuckle can be seen ending at the point a. 


44, The outward reverse to stations 4, 2, and 2 above 
W. L. 6 is called the flare. This is seen in Fig. 20 where 
the vertical derrick nearest the bow of the ship casts a shadow 
that apparently is curved backwards at the upper part as the 
result of the outward flare of the ship’s hull at that point. 
Farther aft it will be noticed that the upper parts of such 
shadows are straight, though the bottoms of the shadows are 
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curved forwards on account of the inward curve of the lower 
part of the ship. 


45. On the plate, from stations 6 to 15 above W. L. 6, 
the sides of the ship are represented as sloping toward the 
center line of the ship. This slope is called the tumble- 
home, and in view (c) the tumble-home is shown as 6 inches 
at the Bridge Deck, this being the horizontal distance from the 
side line de to the deck. 


46. The full rounded shape at the lower part of stations $, 
I, and 2 is known as club foot. 

At the bottom of the forward end of the elevation, view (0), 
the rise of the rise line of the fore foot is indicated as 2 feet 
4 inches. 

The sign or character, shown just below station ro in 
view (b) indicates the location of the midship section or half 
length; this is sometimes called C. B. P., center between per- 
pendiculars. 


47. Diagonals.—The diagonals A and B in the body 
plan (c) represent intersections of inclined planes cutting the 
ship’s center line and the shell at the heights indicated. The 
elevations at which such planes cut the center line and the shell 
may be chosen as circumstances require. Thus, Diagonal A 
represents the intersection of a plane cutting water-line 6 
through the whole length of the ship’s center line and also 
cutting the lower outer corner, or bilge, of the ship, and the 
intersection of this plane with the shell of the ship produces 
a curve as shown by Diagonal A in view (bd). 

In Fig. 21, the line where such a plane would cut the shell 
of the ship is indicated by the heavy curved line marked 
Diagonal A. On the plate, this curve is plotted on the eleva- 
tion (b) for convenience, and it should be remembered that 
the offset, or measurement, of the diagonal at each station is 
the distance from the line bb to the curve. For example, in 
view (c), the length of, which is the distance on the 
Diagonal A and o to the shell of the ship at station 16, is the 
same as the distance 16-p in view (J). In the same way 
the measurement on Diagonal A in view (c) from o to 17 is 
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the same as vertical distance in view (b) from the base line b b 
at station 77 to the curve marked Diagonal A. 

Diagonal B is drawn in a like manner to show the curve 
formed by the intersection of the shell of the ship with a 
plane cutting the center line of the ship at the elevation of the 
highest point of the knuckle and also cutting the shell at the 
water-line 4, these points being first determined on the body 
plan, view (c). 

The curves, as Diagonals A and B, are sometimes shown on 
the plan instead of the elevation; in such case they are laid 
off from the base line aa in the same manner as they were 
from base b b in the elevation. 


48. All the water-lines, body lines, section lines, and diag- 
onal lines must be fair or smooth and all points lke m, n, x, y, 
and ¢ must correspond in all views. When these lines are fair, 
then the surface of the hull is fair and free from humps or 
hollows. 


BEAM CAMBERS 


49. As previously stated, the deck beams are cambered to 
drain the water toward the sides. Formerly a theory was 
advanced that the crowning, or arching, of the beam made it 
stronger. But as an arch depends on solid abutments for 
strength and as the sides of a ship are not solid or backed by 
a fixed support, this theory is fallacious. It is not so necessary 
to camber decks below the top, or weather, deck, and in many 
modern vessels this is not done, or if it is done only a small 
camber, perhaps 2 inches, is given. This small amount is to 
counteract any irregularities in erecting and to prevent a sag 
to the deck such that water might collect in the center. 

The camber is expressed as so many inches in the breadth of 
the deck or in fractions of an inch per foot of beam. If the 
breadth of the deck is 48 feet and the camber 12 inches, the 
expression would be 12 inches in 48 feet or 4 inch per 
foot. This figure is the customary camber in merchant vessels, 
but in torpedo boat destroyers it usually runs much higher 
—even 15 inches in 30 feet. 
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Several ways of laying out the camber are available and 
three will be described here. 


50. First Method.—Lay down a straight line, as ab, 
Fig. 23, equal to the half beam of the deck and drawn to any 
convenient scale. At a erect a perpendicular ac equal in height 
to the given camber and drawn to the same scale as ab. With 
a as a center and a radius equal to ac draw the quadrant cig 
and divide this into any number of equal parts, say four, by 
points h, 7, and j. Divide ag and ab into the same number of 
equal parts at d, e, and f; and at k, J, and m, respectively. 
Draw dh, e1,and fj. Atk, l, and m, erect perpendiculars kn, 
lo, and mp equal in length, respectively, to dh, ei, and f j, 
thus locating points n, 0, and p. Through the points c, n, 0, p, 
‘and 6 draw, witha ship curve or with a batten and weights, the 
curved line which represents the camber or deck beam. The 
center of the ship is at c, and b is the side of the deck, there- 


ch _ M Top of Deck-Beam 
. P 
vy | Leve/ Line through Deck\at Side r b 
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fore, c b is one-half of the beam, the other side being exactly 
the same and of course to the left of ac. The line 0 oc repre- 
sents the top of the deck beam, or the molded line of the deck. 


51. In order to give more accurately the camber at any 
point or to determine the distance that any point on the deck is 
below the deck at the center line of the ship, it is desirable 
that the diagram just described be drawn with the vertical dis- 
tances to a larger scale than the horizontal distances, as the 
exaggerated curve so produced is more easily and accurately 
read or measured. This is shown in Fig. 24, where the camber 
is 15 inches in 44 feet. 

Here the total camber a c is drawn to eight times the scale of 
the half beam a b; and as the quadrant c 7 g is eight times the 
size, all the vertical dimensions are equally enlarged. It is the 
custom in actual practice to make ac full size, ‘and then 
the heights kn, 10, m p, etc., are full size. It is convenient to 
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add to the diagram by drawing cq parallel to a b and dividing 
this line into parts corresponding to feet from the center c. 
Then gb is drawn parallel and equal to ac and divided into 
inches, and vertical and horizontal lines are drawn through the 
feet and inch marks. The camber at any distance from c may 
then be read off directly in inches. For example, at 12 feet 
from c the diagram shows the camber to be 4% inches. 
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A camber curve divided into squares in the manner explained, 
but without the construction part, is convenient to have in the 
office for laying out bulkheads, deck houses, bridges, ete. 


32. Where decks are parallel transversely—that is, have 
the same camber—but have different amounts of tumble-home, 
the vertical height between the outer edges of the decks at the 
side of the ship will be greater than at the center, since, though 
the curve per foot is the same, the lower deck, being the wider, 
has more feet in which to curve downwards. This is illustrated 
in Fig. 25, which represents the half width of two decks each 
having a camber of 15 inches in 44 feet. At the ship’s center 
the vertical distance between decks is 8 feet. The tumble-home 
is 7 inches, making the half width of the upper deck 22 feet 
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—/7 inches=21 feet 5 inches; the half width of the lower deck, 
as shown, is 22 feet. 


53. The diagram, Fig. 24, shows the amount of downward 
curve of a deck at different distances from the center line for 
a camber of 15 inches in 44 feet. Thus, for the half width 21 
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feet 5 inches, the amount of downward curve is 144 inches; for 
a half length of 22 feet, it is 15 inches; therefore, at its outer 


edge, the second deck has curved downwards 15—14}=# inch 
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more than the upper deck at its outer edge, and the height 
between decks is therefore 8 feet +? inch=8 feet ? inch. 


354. Second Method.—In Fig. 26, let B be the half beam 
in which / is the total camber. The camber ¢ at any given 
se 

distance, as x, from the center line is equal to pe This 


camber curve is a parabola. 
By this method, if B=22 feet, h=15 inches, and x=12 feet, 
Capex apex 1S=4 46 inches, or 4; inches, nearly. 
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55. Third Method.—The third method of finding the 
camber is by means of an arc of a circle. In Fig. 27, c, h, x, 
and B have the same meanings as in the preceding method 
and R is the radius of the camber curve, or of the deck 
beam. For the purpose of calculation, the radius R may be 
considered to be made 
up of two parts, as 
c and R—c or h and 


~ 
es 


try, (PSE CR 
h)?. In this equa- 
De tion, all the quantities 
are known except FR, 
hence it is possible to 
find the value of R. 
By algebraic meth- 
ods, which need not be explained here, the equation R?=B? 
+(R—h)?* can be resolved into the formula 
eae 
— 2h 
Then by using the values given for the letters, and expressing 
the value of h in feet, because all terms in a fraction like this 
must be in the same units, it is found that 
p—Bith _ 22° + 1.25? 
2i PMPs 
Now, & being known, it is possible to find the camber c for 
any known distance, as x feet from the center, by the formula 
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(=e Oa 
This formula applies for any point on the curve and can 
always be solved once R has been determined as described. 
Then, by substituting the given values in the formula, it is 
found that 
CR / Ry = 194 22 / 194.22? 12.37 foot; 
or 4;% inches, nearly 


56. For those who wish to know the principles on which 
the formula is based, the following explanation is given: 

In a right triangle whose apex is at p a known distance 
« feet from the center, the equation will be R?=#?+(R—c)?, 
where c is the camber at point p and is the only unknown quan- 
tity in the expression. Solving for c, we have R—c=\/R?—2’, 
and c=R—\/R?®—x?, as was given. 

A summary of the three methods shows that by the first 
method the camber at a distance of 12 feet from the center is 

? inches, by the second method 4;% inches, and by the third 
method 4;% inches. 


57. In place of a curved camber, a straight pitch as 
shown in Fig. 28 is sometimes used. The pitch is the distance 


Fic, 28 
the deck at the center is above the deck at the sides. A deck 
having a straight pitch is made with an are of large radius at 
the center, and the straight slopes to the sides of the deck are 
tangent to this arc. 


STRUCTURAL DETAILS 


58. Plates.—The steel structure of a ship consists almost 
entirely of plates and shapes, the latter including angles, chan- 
nels, bulb angles, etc. The outside plating, decks, inner bottom, 
bulkheads, etc., cannot of course be in one piece, so they are 
built up of a number of plates, which are connected by riveted 
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joints. Shell, decks, and inner bottoms have these plates 
extending longitudinally, with the strongest connection at the 
ends. In bulkheads the long dimension of the plates may 
extend vertically or horizontally. 


59. Plate Joints.—Connections at the sides of plates are 
called seams and at the ends butts. In a lapped connection, or 
lapped joint, one plate extends over the adjacent one; in a 
strapped joint the edges of the two plates to be connected are 
close against each other with their surfaces flush, and the 
adjacent edges are covered by a narrow plate, half of it being 
over each of the plates connected. 

A double-strapped joint has a narrow plate, or strap, on 
each side of the plates connected. The width of the strap or 
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of the lap depends on the number of rows of rivets and the 
size of the rivets, which in turn varies with the thickness of 
the plate. Joints are single, double, treble, quadruple, or quin- 
tuple riveted, according to whether they have one, two, three, 
four, or five rows of rivets. The method of indicating them 
on drawings is shown in Fig. 29. 


60. In Fig. 30 are shown three strakes, or rows, of plates 
and a deck beam. Remarks concerning this will apply to 
similar parts of any structure. In view (a), edge laps are 
shown at a and b. At seam a the plate is joggled, that is, the 
overlapping plate is bent so that the bottoms of the adjacent 
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plates are in the same plane. At seam b, the overlapping plate 
is not joggled, and in the way of the beam—that is, over the 
beam—strips c, having the width of the beam flange and the 
thickness of the under plate, are fitted over each beam to fill 
the space between the under, or in, plates. The joints at d 
and e are joggled butt laps. At the sides of the butts are 
tapered liners, or fillers, shown at h and j; in joints d and e 
these fill up the opening that would otherwise be left between 
the end of the plate f and the point where plate g leaves the 
lower level of plate f and passes over the end of plate f. These 
fillers are as long as the edge lap is wide and are held in place 
by the edge-lap rivets. At k is shown a butt strap placed 
underneath the joint. 


61. At/isascarfed lap. In this form of joint the lap 
of plate m is set, or bent, upwards and that of plate m sets 
downwards so that when the parts of the plates back of the 
laps are in line, the laps touch each other for their full width. 

In order to avoid the bulge in the seam at o that would 
result from such a joint, at that point there is cut out of the 
under side of plate m the wedge-shaped piece shown dotted in 
view (b), where cd is the width of the edge lap. When the 
dotted part is cut out, the part de of plate m can project 
below and to the right of plate p, while the part cd, which is 
a feather edge, will be in the position indicated by the straight 
line abc in view (b) and will lie flat on plate p. There will 
then be need of no filler such as was used in joints d and e. 
View (c) clearly shows the form and position of plate m 
after cd has been cut out and the plate has been set, or bent. 


62. When plates have lapped edges, the edge that is seen 
on the outside is called the sight edge, and the edge that is 
covered by the lap is the landing edge. The sight edge is on 
the outside of the shell, on the top of decks and of inner 
bottoms, and on the opposite side from the stiffeners on bulk- 
heads. The application of these terms is shown in view (a). 
The line / at which the plate begins to bend is called the 
knuckle. Of course, all the different joints shown in view (a) 
would not occur on one deck so near together as here shown. 
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In view (d) is shown an angle butt strap, the strap fitting 
snugly into the bosoms of the connected angles. 


63. Straps, Laps, and Rivets.—Tables I, II, and III 
and their accompanying notes are from Lloyd’s Rules and 
show the requirements for riveted joints under various con- 
ditions. 

Instructions or schedules showing rivet spacings and sizes 
are often given on drawings to enable the templet maker or 
patternmaker to determine the location of rivets on the tem- 
plets. In some shipyards these rivets are nearly all located on 
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structural drawings prepared in the drafting room and the 
templet makers merely mark them on the templet. 


64. Shapes and Angiles.—In designating the size of 
angles, three dimensions are given—the length from heel to 
toe of each leg, as from a to b and from a to ¢ in the angle 
shown in Fig. 31, and the thickness of the legs, as a 34” X34” 
x.50” angle. Different styles of plating are also shown in 
Fig. 31, as well as various shapes and angles and methods of 
caulking joints. 


65. For the same nominal-sized angle, as for instance 33” 


X34”, there is one thickness that agrees exactly with the 
nominal dimensions, but as the rolls are spread and the thick- 
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ness of metal is increased or decreased as indicated in Fig. 32, 
the actual length of the leg varies, but the angle is called by 
the nominal size instead of the actual. 

Angles are rolled with equal legs or unequal legs ; in general, 
those with equal legs are used for connections and those with 
unequal legs for stiffeners with the shorter lege against the 
surface that is to be stiffened. 

Bulb-angle sizes are indicated in the same manner as 
those of other angles and their thickness is varied in a similar 
manner. 


66. Channels are designated by giving the depth of the 
web, the noninal length of the flanges, which are equal, and 
the thickness of the web, as 8’X*34"”*34’"X.50". As the 
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thickness is increased the length of the flanges increases but 
the depth of the web remains constant. In shipbuilding chan- 
nels, the thickness of the flange is nearly constant the full 
length and is greater than that of the web, whereas in struc- 
tural channels. such as those used in bridges and buildings, 
the flanges are much thicker near the web than near the toe. 


67. Plates and shapes are also designated by weight. 
A steel plate 1 inch thick and of 1 square foot area weighs 
40.8 pounds. Generally, though, plate weights are given in 
even pounds or half pounds. 

Plates designated as 40-pound plate, 20-pound plate, 
10-pound plate, and 5-pound plate are, respectively, nearly 
1 inch, 4 inch, + inch, and 4 inch thick, the weight being that 
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Notes to Tarte III 

The requirements as to attachments are to be regulated by the thicker of the 
plates connected. 

The edge attachments all fore and aft of outside plating and middle-line strake 
of inner-bottom plating are to be regulated by the thickness of the plating amidships. 

Where the breadth of any strake of outside plating exceeds the limits given in 
the following table, additional riveting is to be provided at the butts in excess of 
that required by the thickness of the plates. 

Maximum Breapru OF STRAKE 


Dertu (D) oF VESSEL FOR RULE RIVETING 
FEET INCHES 
Not lexceeditio 2Osm.ccriaecisies its siatcreueerite) 3 54 
Above 20 and not exceeding 24............ 60 
Above 24 and not exceeding 28............ 66 
PAD OW SM ON cove leneieterecaiere le relent siete sisters iacevnrerere or 72 


_ Butts of side plating of “short” deck erections should not be less than double- 
riveted. 

As an alternative arrangement to the treble-riveted double butt straps required 
by the above table, quintuple-riveted overlapped butts may be adopted, except for 
sirakes which are doubled. 

a. Butts of sheerstrake, strake below and stringer plates, of the uppermost deck, 
whether upper, awning, or shelter deck or “long” bridge, for half the vessel’s 
length amidships. 

Where the sheerstrake is doubled, single butt straps treble-riveted are to be 
fitted to the butts of the sheerstrake and doubling plate, of the same thickness as 
the plates connected. 

Butts of outside plating from keel to upper turn of bilge for half the vessel’s 
length amidships. 

Butts of boss plates. 

Butts of center girder plates in double bottoms. 

Butts of floor plates and web frame plates. 

b. Butts of flat keel plates for half the vessel’s length amidships. 

Where the flat keel plates are doubled, single butt straps treble-riveted are to be 
fitted to the butts of the keel plate and doubling plate, of the same thickness as the 
plates connected. 

c. Butts of flat keel plates at ends of vessel. 

d. Butts of outside plating from upper turn of bilge to strake below sheerstrake. 

Butts of outside plating from keel to upper turn of bilge at ends of vessel. 

Butts of sheerstrake, strake below and stringer plates of upper and awning or 
shelter decks at ends of vessel. 

Butts of beam stringer plates of second decks and decks or tiers of beams below. 

Butts of tie plates. 

Butts of margin plates and middle-line strake of double bottoms for half the 
vessel’s length amidships. 

e. Butts of deck plates for half the vessel’s length amidships. 

Butts of inner-hbottom plating for half the vessel’s length amidships. 

Butts of the side girders in double bottoms. 

Butts of margin plates and middle-line strake of double bottoms at ends of vessel. 

f. Butts of deck plates at ends of vessel. 

Butts of inner-bottom plating at ends of double bottoms. 

g.- Edges of outside plating from keel to turn of bilge. 

Joining seams of stringet plates where the stringer is fitted in two breadths. 

h. Edges of outside plating from upper turn of bilge to strake below sheer- 
strake. 

The edges of sheerstrake are to be double-riveted except where the thickness of 
the side plating is above .84 of an inch, when they are to be treble-riveted. 

In vessels exceeding 480 feet in length and where the thickness of the side plat- 
ing is not more than .84 inch, the landing edges are to be treble-riveted for one- 
fourth of the vessel’s length in the fore and after bodies for a depth of one-third 
the depth of the vessel, the actual position of this treble riveting to depend upon 
the arrangement of shell plating and the special design of the vessel, or other 
equivalent strengthening to be afforded. Vessels of from 450 feet to 480 feet in 
length are to be additionally riveted at the before-mentioned parts proportionately 
to their length, or to have other equivalent strengthening. Each case requiring this 
additional riveting of the seams is to be submitted for the approval of the commit- 
tee. Where the thickness of the side plating is above .84 inch, the edges are to be 
treble-riveted for four-fifths of the vessel's length amidships. 

1 Edges of deck plates. : 

k. Edges of middle-line strake of inner-hottom plating. 

1. Edges of inner-bottom plating except middle-line strake. 


50 SHIP DRAFTING $15 


per square foot. Angles, channels, bulb angles, etc., may be 
also designated as so many pounds per linear foot; thus, a 
34” X34’"X8.5-pound angle has the dimensions given and 
weighs 8.5 pounds per linear foot. 


68. Marks and Numbers on Parts.—In making draw- 
ings in shipyard offices, it is usual to give every piece of struc- 
tural work a distinguishing mark so that when the various 
pieces come from the different parts of the shop to be assem- 
bled or bolted together the workman will be able to pick out 
the right ones, or, if they are to be sent to the ship singly and 
stacked in piles, the part needed can be quickly recognized. 
When several pieces are identical, they may each have the 
same piece mark. As ships are given a contract number, or 
hull number, by the builders, the piece mark should contain the 
hull number, a mark designating the part of the ship, and a 
part mark. The same structure should have the same distin- 
guishing mark in all ships in any one yard. By structure is 
meant deck, shell, bulkhead, frame, ete. The marks employed 
are letters and numbers. The systems of marking are different 
in different yards. 

The size of the plates used on the shell, decks, bulkheads, 
etc. depends on the size of the ship and on the facilities for 
handling and the tools for working that the builder has at 
hand. Generally speaking, the larger the plate that can be 
conveniently handled the better. Shell plates usually are from 
18 feet to 30 feet long, depending on the size of the ship, and 
the width varies accordingly but should not be so great that 
the punches available cannot reach the middle holes. 


69. Water-Tight Joints.—In water-tight work, rivets 
are spaced closer than in non-water-tight work. Water-tight 
structures are caulked, that is, the metal of one plate is forced 
up against the metal of the other by means of caulking tools 
resembling cold chisels and driven by hand hammers or pneu- 
matic hammers. In Fig. 31 is shown the method of securing 
tightness in a seam or at the edges of butt straps. The split- 
ting tool is first used in the manner shown to cut a groove in 
the upper plate, then with the edge-caulking tool the metal 
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near the edge of the upper plate is forced back into closer 
contact with the lower plate and the joint is made water-tight. 
Similar methods are used in caulking flush joints. 


70. When a channel, bulb angle, or angle passes through 
a plate and water-tightness is required, it is necessary to 
Staple about the part passing through. 
This consists in fitting angle collars 
around them and caulking as described. 
Fig. 33 shows the stapling about a 
channel frame at the ship’s side. In 
(a) and (c) dotted lines indicate the 
cut in the deck plate through which the 
frame passes. In (a) and (b) is 
shown the construction (front and 
back) when there is no stringer angle 
along the face of the frame. Angle a 
against the shell is bent around the 
inside of the channel frame and a piece 
is welded in at b to cover entirely the 
cut in the plate. Angle c shown in (a) 
and (b) is bent at two places at the 
back of the channel, as shown in (a), 
and is riveted to angle a. The edges 
of a and ¢ are caulked. 

In view (c) there is a continuous 
stringer angle e running along the face 
of the frames. The stapling is made 
of a channel d of the same width as the 
frame and having its ends bent up or 
boxed at the frame. 

It will be noted in (a) and (c) that a and d are joggled 
over the fianges of the frame. 

Sometimes it is impossible or impracticable to secure metai- 
to-metal water-tightness, and stopwaters—pieces of canvas 
soaked in red lead—are inserted between the two metal pieces 
when assembling; these are compressed when the joint is 
riveted. 
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71. Frames.—It was shown in Fig. 6 that the frames are 
arranged at regular intervals for the full length of the ship. 
The angles or channels of which the frames are made toe 
toward the middle of the length of the ship, those forward of 
amidships toeing aft and those aft of amidships toeing for- 
wards. For example, the frame shown in Fig. 34 (a) is one 
that is forward of amidships and on the port side, as the toes 
of the flanges of the channel point toward amidships. 

The web of the frame is perpendicular to the center line of 
the ship and the flange is beveled to take the shape of the 
side, or shell. Near the ends of the ship, where the shell 
tapers sharply toward the center line, there may be consider- 
able bevel to the frames; but, by placing them in the way 


(a) 
Fic. 34 


described, the bevel of the inner side of the flange is always 
open and easily got at for riveting. If the frames toed in the 
opposite direction the bevels at such places would be closed so 
much that proper riveting would be difficult. 


72. The frame line is the line of intersection of the back 
of the frame—that is, the heel of the angle or channel forming 
the frame—with the shell. The frame spacing, or the distance 
between frames, is measured from frame line to frame line. 

In Fig. 34 (0) it will be seen that coincident with the frame 
line are the front of the floor plate, the heel of the reverse 
frame, and the heel of the clip connecting the floor and the 
vertical keel. In view (a) the frame line is marked at the 
inboard heel of the channel frame but of course the outer heel 


‘ 
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is in the same plane. Note that the heel of the channel deck 
beam is separated from the frame line by the thickness of the 
beam bracket. The deck stringer and plating are not shown. 

In (0) it will be noted that the floor plate does not extend 
quite to the heel of the frame. The inner-bottom plating 
which goes on top of the reverse frame is not shown. 

In vessels with an inner bottom the frames are cut at the 
margin or edge of the inner bottom but the heels of the frames 
in and out of the inner bottom are in the same transverse plane. 


ABBREVIATIONS USED ON DRAWINGS 


7. On account of the many varying details which on the 
scale of the ordinary ship drawing cannot be shown plainly, 
ship drawings require that the various parts be accurately 
lettered so that there may be no doubt of the construction, 
dimensions, or weight of material to be used. When such 
lettering would be crowded on a drawing, the following abbre- 
viations may be used. 
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Alt. Alternate 
Amids. Aimidships 
ALP. After perpendicular 


iS Angle 
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Bek: Boiler room 

ise Boiler space 
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Beds Base line 

Blkd. Bulkhead 
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¢ rag | eae We Center line 

fee) Channel 

Coll. Blk’d Collision bulkhead (first bulkhead aft of stem) 
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Double-riveted double butt strap 
Double-riveted edge lap 
Double-riveted single butt strap 
Double 

Deck 

Engine room 

Forward perpendicular 

Flange or floor (meaning will be evident) 
Frame 

Galvanized 

Half-round 

Half length 

Lightening hole 

Molded 

Oil-tight bulkhead 

Oil-tight floor 

Oil-tight manhole 

Plate 

Pounds 

Quadruple-riveted butt lap 
Quadruple-riveted double butt strap 
Quadruple-riveted single butt strap 
Radius 

Reverse 

Single-riveted butt lap 
Single-riveted edge lap 

Stringer 

Treble-riveted butt lap 
Treble-riveted double butt strap 
Treble-riveted edge lap 
Treble-riveted single butt strap 
Three-fifths length 
Wrought-iron pipe 

Water-tight 

Water-tight bulkhead 
Water-tight floor 

Water-tight manhole 

Yellow pine 
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SHIP DRAFTING 


(PART 2) 


DRAWING PLATES—(Continuea) 


PLATE 1052: TITLE, CROSS-SECTION 


1. The plates to be drawn in connection with this and 
following Sections are to be of the same size and general 
arrangement as those already drawn for the Sections on 
Geometrical Drawing and Mechanical Drawing, and in gen- 
eral, the same instructions as to lettering, putting on the 
student’s class letters and number, sending in the plates, etc., 
will apply. On some of the plates, however, in connection with 
the title, the place occupied on the Mechanical Drawing plates 
by the material list'is taken by the riveting instructions or a 
list of details, which are arranged in a similar manner. 

Plate 1052 represents a cross-section of a ship. Fig. l isa 
view of a ship that has been cut in the middle and the ends 
pulled apart. This view shows in perspective very nearly 
what plate 1052 shows in a drawing, though the ship in the 
picture has more decks than the one in the drawing. Some 
of the principal parts in the picture are lettered, and a com- 
parison of this view with Fig. 6 in Ship Drafting, Part 1, will 
make plain the names of many others. 

Before taking up the drawing of Plate 1052, reference must 
be made to the use that is made of the body plan and the offsets 
taken from it. This plan was shown in Plate 1051 and 
described in Ship Drafting, Part 1. 

COPYR'GHTED BY INTERNATIONAL TEXTBOOK COMPANY. ALL RIGHTS RESERVED 
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BODY PLAN AND OFFSETS 


2. As shown in Plate 1051, the lines define the shape of 
the ship; therefore a careful record of them must be available 
for making the drawings of the shell, decks, bulkhead fram- 
ing, inner bottom, and other parts whose shapes depend on 
them. This record consists of two body plans, one of the for- 
ward body and one of the after body, made to a scale of 4, 3, or 
1 inch to the foot, and drawn on glass or on marble slabs. 
Such drawings will not expand and contract with the weather, 
and when inked will stand a fair amount of usage. 

Structural steel for the hull is ordered partly from these 
body plans, partly from half models made of wood to scale of 
$ inch=1 foot, and partly from detail drawings. 


3. Besides these body plans, there is the most permanent 
and important record of all—the offsets. These are taken 
from the large body plans, and give the horizontal distance 
from the center line to the molded frame line on each of the 
water lines, which are usually drawn 2 or 3 feet apart and 
closer when necessary. The offsets also give the height of 
each buttock above the base line at every frame, the heights 
of the decks from the base line, the location of the edges of 
the shell plates, the location of side keeisons and stringers by 
half widths from the center line or by the heights above the 
base line, and all other dimensions of the lines, such that the 
entire molded form of the vessel and the locations of all mem- 
bers of the structure are definitely fixed. Offsets are given in 
feet, inches, and eighths of an inch, 24-10-3 reading 24 feet 
102 inches, 23-10-0, reading 23 feet 10 inches, and 0-7-4 read- 
ing 74 inches. 


4. The body plan is also laid down to full size on the floor 
of the mold loft. This loft is so called from its being the place 
where molds, or patterns, are made. Formerly the water- 
lines, sheer plan, and body plan were laid down there and the 
fairing of the lines was done; but by the use of the glass or 
marble tables this can be more economically done in *he draw- 
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ing room, and now all that is laid down in the loft is the body 
plan complete with projections of shell sight edges, projections 
of decks, projections of the floors, and of the longitudinals, 
or keelsons. 

All plates, angles, and other shapes entering into the con- 
struction of the vessel are laid out from patterns or templets 
made in the mold loft from the full-size body plans and the 
detail drawings. These templets are made of very heavy paper 
or of wood about % of an inch thick, the material employed 
depending on the number of times they are to be used. The 
templet of any shape or plate is a full-size pattern showing in 
detail the location and sizes of all rivet holes and cut-outs, 
outlines of edges, flanging, or rolling lines, and gives the neces- 
sary information for marking out the plate or part. The 
templet is secured to the plate or shape and the form is trans- 
ferred or marked upon it, all rivet holes being center-punched 
through. 


DESCRIPTION OF PLATE 


5. The cross-section drawing, such as Plate 1052, is a 
transverse half section through the fullest section of a vessel. 
In building a ship, it is the first structural drawing made, as 
it shows the general construction of the ship and the size of all 
the principal parts. 

Usually this drawing shows the deck plating running up to a 
line of hatches. Ordinarily in a ship the machinery space is 
amidships and the cargo hatches are toward the ends, but the 
cross-section is drawn in this conventional way to show best 
the general construction of the vessel. From this and the gen- 
eral arrangement drawings, the drawings of the structural 
parts of a ship are made. 

In actual practice, the contour, or molded shape, is drawn 
from the offsets measured on the body plan, as explained. The 
accompanying table of Offsets for Midship Section gives all 
the offsets that are necessary for constructing the cross-section 
in this case. Fig. 2 will help to make plain the location of the 
various parts and measurements referred to in this description. 
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6. To draw the plate, first draw the vertical center line of 
the ship, as at ab, Fig. 2, 14 inches from the left-hand border 
line of the long side of the plate; then draw the molded base 
line perpendicular to the center line and 2 inches above the 
bottom border. 

The plate is to be drawn to a scale of 2 inch=1 foot, and 
from now on all measurements will be given in dimensions of 
the vessel. 

At a distance of 25 feet to the right of the center line, draw 
the molded side line cd so that it extends about 35 feet above 


Orrsets FoR MipsHre SEcTION 


WaAtTER LINES Harr WiptHs 
i 22-34 
EA 23-9-0 
3 24—5—2 
4’ 24-9-6 
nif 24-11-5 
6/—22’ 25—0-0 

24’ 24-114 
26" 24-104 
28’ " 248-6 
30)” 24-6-0. 
oo 24-3-0 
34 23-11-4 
Gunwale 23-9-6 


Heticars ABove 


DUTHUGKS Mo.tpep Base LINE 
20’ 0-7-2 
22 0-10-6 
24’ 2~3—3 


the base line. On this, draw lightly the water-lines shown in 
Fig. 2 and listed in the Table of Offsets, and on them tick off 
the corresponding half widths taken from the offsets. Draw 
also buttocks, as ef, at the distances from the center given in, 
the table, and on each buttock mark off the height above the 
base line as given; these points of measurement are indicated 
by dots in Fig. 2, Next, on each water-line from J’ to 6’, 
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inclusive, lay off the half widths from the Table of Offsets 
and tick off these points, as g, h, 7. On the side line cd, lay 
off the 9-inch dead rise as at j, and on the base line lay off the 
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half siding at k 6 inches from the center line; the line connect- 
ing the points k and 7 is called the dead-rise line. With the 
ship curve and irregular curves, draw the line through the 
points that have been marked on the water-lines and buttocks. 
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These lines will come fair and will be tangent to the molded 
side line c d and the dead-rise line 7 k. 

Next, locate the height of the shelter deck, which is 34. feet 
above the molded base line. The height of the gunwale is 
11 inches above the deck line and is to be located by a light 
line, and on this the position of the gunwale, determined from 
measurements given in the Table of Offsets, is marked. Then 
the molded line of the ship from the gunwale to water-line 22’ 
is drawn through points that have been located on the various 
water-lines by means of the offsets, and this line becomes 
tangent to the molded side iine at water-line 22’. 

The intersection of the shelter deck and the side of the ship 
at m is at the 34-foot water-line, and the Table of Offsets 
shows that point to be 23 feet 114 inches from the center line. 
Then, as the camber of the deck is given in Fig. 2 as 12} inches 
in the half width of the deck, the point / where the deck 
intersects the center line is 34/+124’=35 feet $ inch above 
the base line. Points on the shelter-deck line may be deter- 
mined by any of the methods that have been given for drawing 
a camber, and the deck line may be drawn by use of a long 
ship curve. 


fond 


7. The second deck, which is 26 feet above the base line 
and has no camber, is to be drawn next. Finally the molded 
lines of the tank top, or inner bottom, the side keelsons, and 
margin are drawn from the dimensions given in Fig. 2. Ordi- 
narily these dimensions would be taken from the Table of 
Offsets. All lines should be drawn with a sharp chisel pencil 
point, but not so heavy but what they will erase after the ink 
lines are drawn. 


8. The lines so far drawn constitute the molded contour 
lines of the drawing, or the lines on which the structure is 
built. To build up or draw the structure, the keel and the 
shell plating are first drawn. The strips, or rows, of plating 
run lengthwise of the structure, and are called strakes. 


9. On the drawing plate, the widths of the different strakes 
are given and also the thicknesses of the plates. Thus, the 
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keel-plate strake is marked 46.92” for % L. to .66”, which 
means that the strake is 46 inches wide and that for 3 of the 
length of the vessel the plate is .92 inch thick and for the 
remainder it is thinned down to .66 inch, the thinner portions 
being toward the ends of the ship where the strains are less 
than in the other part. The reduction in thickness is made at 
each succeeding plate, each plate being of constant thickness 
throughout its length. In a similar manner the dimensions 
given for strake A are read 78 inches wide by .60 inch thick 
with thickness reduced to .46 inch toward the ends. Other 
members, as angles, channels, etc., likewise. vary in thickness 
and are indicated in like manner. Other dimensions necessary 
for making the drawing are given on the plate and the meaning 
of the abbreviations used will be found in the list of abbrevi- 
ations given in Ship Drafting, Part 1. 

As an assistance to those unfamiliar with ships, Fig. 3 is 
given in which the names and locations of the principal parts 
referred to in this and following plates are plainly indicated. 
Also, accompanying this Section is a separate Index to Ship- 
Drafting Terms, by reference to which it is possible to turn 
readily to the place where the meaning of each term is 
described. This should be referred to in all cases of doubt, as 
familiarity with the exact meaning of a name or term may 
make clear what otherwise would be difficult to understand. 


10. As shown on the plate, this vessel has joggled frames 
in the inner bottom; that is, the frames are bent, or joggled, 
so that while the inside surface of the in strakes is on the 
molded line, the joggle in the frame supports the next, or out, 
strakes outside of the molded line a distance equal to the thic'- 
ness of the in plate. The keel, being an out strake, will there- 
fore be below the molded line. Its width is 46 inches, there- 
fore lay off the extreme edge of the keel plate 23 inches to 
the right of the center line, and 6} inches to the left of this 
point lay off a point that will be the inboard edge of the strake 
next to the keel plate. This strake is lettered 4A on the drawing 
plate and succeeding strakes are lettered in regular order. 
Strake A, 78 inches wide, is drawn as a heavy line with its 
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upper side even with the molded line in the manner shown in 


Fig. 17 in Ship Drafting, Part 1. 


41. All plates and shapes that run fore and aft and are 
cut by the cross-section drawing are shown in heavy lines. 
The flat plate keel is drawn parallel to the base line as far as 
the knuckle k, Fig. 2, at the dead-rise line, and then parallel to 
the dead-rise line or strake A, and is distant from the knuckle 
and the dead-rise line by the thickness of strake 4A, as shown in 
Fig. 4 (a). If the keel were made as shown in Fig. 4 (0), 
there would be two knuckles on the plate, and these are not 
easily made. On the small scale of the cross-section drawing, 
this bend, or knuckle, in the plate is not plainly seen, but the 
depth of the center-line keelson shows that such a bend is neces- 
sary for, as shown on the drawing plate, the center-line keelson 


t é 


\_Aruckle 


\_Hnuckle \ Anuckle 
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extends from the molded line of the inner bottom, or tank top, 
to the keel plate, and, as just stated, the keel plate is outside the 
molded line of the vessel by the thickness of plate 4, which is 
60 inch. According to Fig. 2, the molded line of the tank top 
is 42 inches above the molded line of the ship, therefore the 
keelson plate is 42.60, or 423, inches deep, as shown on the 
plate. 


12. After drawing the keel plate, locate the inner edge of 
strake B, 5} inches inboard of the outboard edge of strake J. 
Lay off the width of strake B, 78 inches, and locate the inboard 
edge of strake C, the edge lap being 54 inches. Strake C is 
72 inches wide, and, being an inside strake, is drawn the same 
as at 4; also strake B is drawn in a heavy line with its inner 
surface flush with the outer surfaces of 4 and C. 
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Now locate the gunwale, or upper edge of the top strake M, 
11 inches above the molded line of the shelter deck, and draw 
the strake as an im strake 58 inches wide. This strake is called 
the sheer strake, since it outlines the sheer of the ship, its upper 
edge being parallel with the shelter, or upper, deck for the full 
length of the ship. 


13. Above the bilge, the frames are not joggled and the 
shell plating is on the in and out system; therefore in the way 
of the outer strakes—that is, between them and the frames— 
liners, or strips, of the width of the frame and the thickness 
of the adjacent in strakes, fill the space between the edges of 
the adjacent inner strakes and between the frame and the inner 
surface of the out strake, in the manner shown in Fig. 30 in 
Ship Drafting, Part 1. These liners are punched and the rivets 
attaching the shell to the frame pass through the liners, thus 
securing them firmly in place. It is not usual to show these 
liners on drawings. 


14. Inthe same manner as for the bottom strakes, lay out 
the shell plating down to the lower edge of strake FE, using the 
dimensions given on the drawing plate. Having laid off the 
widths of the seams at the lower edge of E and the outer edge 
of C, the last strake D, or the filling-in strake, is drawn. Its 
width is not given on the drawing, as its width is freauently 
taken from the work. 

It will be noted that several of these side strakes are of the 
same width; this is a desirable feature, since one templet will 
suffice for making a large number of shell plates ‘in these 
different strakes. The draftsman should always endeavor to 
lay out work and arrange the steel structure so that this 
economy can be obtained wherever possible. 


15. Next draw the inner-bottom plating. The half width 
of the center strake, 21 inches, is laid off to the right of the 
center line, and the edge laps and other strakes are laid in a 
manner similar to those of the shell. The width of the inner- 
bottom strakes is 6 feet 2 inches and the edge lap on the 
center strake is 44 inches and on the other strakes 2} inches. 
If fuel oil is to be carried in the double bottom, all seams must 
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be double-riveted. The margin plate, shown in Fig. 2, is 
drawn with its outboard surface coincident with the molded 
line, the heel of the margin angle being on the molded line at 
the shell. The inner edge of the margin plate is 11 inches 
inboard of the intersection of the margin line and the tank-top 
‘molded line continued, the margin plate being bent to a 2-inch 
inside radius at this intersection. The under sides of the in 
strakes are coincident with the molded line of the tank top. 
A check on the dimensions and laps of the tank top is 
as-follows: 21¢--3(0 27 ) 11 (43-3 2 20 Th 2 ai, 
which, as shown in Fig. 2, is the molded half width of the 
tank top. That is, the sum of the half center strake, other 
strakes, and the lap of margin on top line, less the seams, is 
equal to the half molded width of the tank top. 


16. Draw the center-line keelson as a heavy line directly 
on the center line of the vessel. This plate extends from the 
keel to the inner bottom. Draw the top and the bottom angles 
of the sizes shown. The object of the half siding k, Fig. 2, is 
to permit the lower center-keelson angles to be flat. If the 
bottom molded line extended to the center line, there would be 
a closed bevel in the bottom angles; but, with the 6-inch half 
siding, the knuckles in the keel occur 6 inches each side of the 
center and the angles at the bottom of the center-line keelson 
are not beveled. Both the top and the bottom keel angles are 
continuous fore and aft; that is, the several bars, each 40 to 60 
feet long, are connected at their ends. 


17. Draw the side-keelson plates with their inboard sides 
coincident with the molded line of the inner bottom, and their 
outboard sides on the molded lines of the ship; also draw the 
top and bottom angles. These angles are not continuous, but 
are intercostal between the floors, their respective heels being 
at the intersection of the molded keelson line with the shel! and 
with inner-bottom surfaces. 

Draw also the continuous angle that connects the bottom of 
the margin plate to the shell. 


18. The floor plate extends from the center-line keelson to 
the margin and from the shell to the inner-bottom plating. This 
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plate is connected to the center keelson by double angles, one on 
the forward side of the floor plate and one on the after side. 
These cannot both be seen and accordingly have to be indicated 
by the word double. At the point of juncture of the two floor 
plates (port and starboard) and the center-line keelson there 
will be four angles, two to port and two to starboard. Draw 
these angles extending to within $ inch of the toes of the top 
and bottom angles. 

Next draw a diagonal line at the top inboard corner of the 
floor plate to indicate that a piece is cut off to permit the top keel 
angle to be continuous. Likewise show the part cut out at the 
bottom inboard corner to allow the bottom keel angle to pass 
through and for drainage. Then, at the top outboard corner of 
the floor plate, draw a diagonal to indicate that the floor plate 
is cut to clear the curve of the margin plate. These holes at 
the corners also allow air to pass freely in the tank and prevent 
the formation of air pockets that would hinder the water ballast 
from filling the tank. 


19. Draw the frame angle in the inner bottom from the 
half siding line k, Fig. 2, to the margin plate. The heel of this 
-angle is on the molded line on the in shell strakes. The line 
indicating the lower edge of the horizontal flange of the angle 
may be considered to coincide with the top of the shell plate, 
as drawn at strake 4, or it may be drawn separate as shown at 
strake B. As the frame is joggled over the in strakes, the heel 
is against the out strakes as well as the in strakes. The angle 
connecting the floor to the margin plate is next drawn; this 
extends from about $ inch above the frame to the curve at the 
top of the plate. The reverse frame is then drawn from the 
top keel angle to the margin angle, space of about $ inch being 
left at each end. This angle is joggled over the inner-bottom 
plating and, like the frame, is continuous, passing through the 
side keelsons through openings not shown in this view. Draw 
angles connecting the side keelsons to the floor. Indicate by 
small solid ovals the air holes through the floor plate and the 
reverse frames to prevent the formation of air pockets. Simi- 
larly, show in the lowest corners of each bay of the floor drain 


15405 


14 SHIP DRAFTING $16 


holes 2 inches in diameter and flush with the top of the frames 
to allow water to pass freely fore and aft. Finally the work in 
the inner bottom is completed by showing the lightening holes, 
size 24 in.X18 in. There are two of these in each floor plate, 
and the inboard edge of the inboard hole is in each case 10 inches 
from the center-line keelson or the side keelson. The distance 
between the holes is 12 inches and their horizontal centers are 
ona line half way between the top and the bottom of the floor. 


20. When angles have been designated as extending to a 
point 4 inch from another, this is merely for making the draw- 
ing, the actual clearance between angles depending on the 
riveting and the leeway or variation, allowed when ordering 
material. Frequently material is ordered plus or minus 3 inch; 
which means that a variation of $ inch either way will not con- 
demn the part. In such cases the end rivets of the part are 
definitely located. The center of these must be not less than 14 
times the diameter of the rivet from the end of the part. A 
variation of 3 inch either way necessitates an allowance in 
fixing the location of the end rivets so that with the maximum 
allowance of plus 3 inch the ends will not interfere with the 
adjoining members, and so that with the minimum length the _ 
centers of the end rivets will not be less than one and one-half 
diameters from the end. However, there are parts that must be 
ordered exact. In any case it is not practical on a drawing 
made to the scale of this plate to indicate less than an inch. 
When angles are double it frequently happens, as in the angles 
connecting the center-line keel to the floors, that they cannot 
be so shown on the drawing, but the lettering must be the 
means of expressing that. In the case of the vertical angles 
connecting the floors to the side keelsons, which here are inter- 
costal—that is, they are cut at each floor—there must be two 
angles, the one on the side of the frame and reverse frame and 
a corresponding angle on the far side. 

It will be noted that the angles connecting the side keelsons 
and the shell are on the inboard side of the keelsons. While it 
would not make much difference in this particular case if they 
were on the outboard side, yet if there were a large dead rise 
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these angles would then have a closed bevel and it would be 
difficult to drive rivets. 


21. From a point on the molded line of the vessel, 3 feet 
6 inches above the base line, draw the 10-inch bulb-angle frame 
outside of the inner bottom. Note here that neither shell nor 
frame is joggled. From about the toe of the angle connecting 
the shell and the margin, draw the frame angle that connects the 
shell to the bilge bracket. This frame angle extends to the bulb 
frame. Locate the top of the bilge bracket 6 feet 6 inches above 
the base line. Draw the top parallel to the base line and extend- 
ing slightly inside the bulb frame and then down to the inter- 
section of the molded lines of the tank-top plating and the 
margin. This bracket is flanged (away from the view point) 
and the lower inboard corner is cut off, as shown, to allow the 
margin angle to be continuous. Draw ‘the angles connecting 
this bracket and the margin plate; these angles are double as 
noted. Show the lightening hole 18 inches in diameter 12 
inches from the top of the bracket flange and 15 inches from 
the molded margin lines. 


22. Next, in pencil and not for inking-in, draw a line cut- 
ting the molded deck lines 9 feet and $ inch from the center 
line. Draw the deck beams up to this line, which is in line with 
the heel of the angle connecting the hatch coaming and the 
deck plating. Note that the deck beams face away and conse- 
quently the flange line and bottom of the bulb line are dotted; 
also, as the deck-beam brackets come between the frame and 
the beam, the top of the bulb line is dotted behind the bracket. 
These brackets overlap the frame six times the diameter of the 
rivets connecting the brackets and frames. As these rivets are 
% inch in diameter, the lap is 54 inches. This is also the width 
of the bracket at its tapered, or narrow, end on the beam. The 
second-deck beam bracket is 39 inches deep below the top of the 
beam and 39 inches wide from the outboard edge. This size is 
written 39” X39”. Similarly, the shelter-deck beam bracket is 
22” 22”. The deck beam does not extend to the shell, but 
only to the edge of the bracket. Draw the deck stringer plate— 
that is, the outer strake of deck plating—that of the shelter 
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deck being 50 inches wide, and that of the second deck 56 
inches wide. The stringer plates are in strakes. 


23. As the hatches are usually the same width on each 
deck, it is desirable to have a deck-plate seam run along at the 
outboard edge of the hatches, so as to avoid cutting into the 
deck plate next to the hatch, therefore the deck-plate strakes 
are made of such width that the edge of the one next the hatch 
comes up against the coaming, which is the vertical 4-inch 
plate forming the wall around the hatch opening. 

The edges of the deck plates and the edge lap to the stringer 
are single-riveted, the lap of the deck plates being 2} inches 
wide and the lap on the stringer 25 inches. It is obviously con- 
venient to have the two strakes of plating the same width. The 
half width of the second deck is 24 feet 10} inches (see offset 
table) and as the strake of shell plate at this deck is an outside 
strake and is outside the molded line, the total width will be 
increased by the thickness of the strake below, which is .66 inch, 
making the total half width 24 feet 11$ inches. The distance 
between the inner edge of the stringer plate and the hatch 
coaming is 24 112”— (9 037+-56" )=11 feet 22 inches. “The 
lap of the plate on the stringer being 23 inches and the lap of 
the two plates being 2} inches, the total width of the two plates 
ig Ll 2p ee a eet 7s inches; or. feet Ot= ances 
each. The outer deck plate is joggled over the stringer plate 
and the inner deck plate. The stringer plate is notched to per- 
mit the frames to pass through. Draw the shell clips, which 
are in short lengths between the frames and which connect the 
stringer plate and the shell plate; also draw the stringer angle 
along the face or inner edge of the frames, also, by dotted lines, 
show the clip on the far side of the frame in way of this 
stringer angle. The space between the shell clip and the 
stringer angle is usually filled by a wood chock set in and 
covered by cement. This chock and cement make the deck 
at this part nearly water-tight. From 23 inches outboard of 
the inner edge of the stringer, lay off 5 feet 914 inches, the 
width of the outer strake of plating, and obviously the next 
strake will be of the same width, extending from the outer sur- 
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face of the hatch coaming plate to 21 inches outboard of the 
inboard edge oi the first strake. 


24. In like manner lay off the shelter-deck plating, the 
width of the two strakes being 5 feet 74 inches each, deter-> 
mined the same way as for the other deck, but the lap on the 
stringer plate is 3 inches and the lap on the two plates is 24 
inches, because a heavier plate is used. Here the stringer 
shell-angle which connects the shell and the stringer plate is 
the stringer angle and is continuous. The sheer strake must 
always extend above this angle sufficiently far that in the butts 
of the sheer strake there may be two rows of rivets above 
the angle. 


25. The coaming plate of the second-deck hatch extends 
10 inches above the molded deck line and 18 inches below, and 
is flanged or bent 9 inches outboard. The coaming forms a 
girder supporting the deck beams on the outboard side and the 
hatch beams on the inboard side. The deck beams are con- 
nected to the coaming by single clips on the near side (away 
from ‘the flange). The coaming flange, being wide, would 
buckle if it were not supported and held in its place. This is 
accomplished by a bracket riveted between the clip and the 
deck beam; this bracket is 7} inches wide and has a flange 
3 inches wide on the outboard side. These brackets are on 
alternate beams and are connected to the flange of the coaming 
by an angle clip. As these brackets are not on every frame 
they are shown dotted in the drawing. 

Next draw the angle connecting the deck to the coaming. 
This is riveted to the coaming plate and to the deck plate and 
is called the coaming angle. Finally a 23-inch half-round 
(one-half of a round 24 inches in diameter) is drawn at the 
top. This serves to stiffen the coaming and also prevents 
damage of cargo against a sharp narrow edge. 


26. The wooden covers over the hatch opening run fore 
and aft (longitudinally) and their tops set about a half inch 
above the coaming plate. The covers rest on hatch beams 
spaced 4 feet 2 inches apart, two of which and their supports 


are shown in Fig. 5. 
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Each beam consists of a plate, 17 inches deep below the 
covers, and stiffened by 3’”X4” angles on each side at top and 
bottom. In alternate hatch beams, the plate is increased 
2 inches in depth so that it extends 2 inches above the double 
top angles,eas shown in Fig. 5 at a, so that the ends of 
adjacent wood covers, which are two hatch-beam spaces in 
length, will be separated, an end of each resting on each side 
of the plate. 

On each side of the beam, at the ends, are doubling pieces 
42 inch thick, which make the width of the beam ends 1.18 
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inches, thus furnishing a good thickness for the beam to rest on. 

The supports for the hatch beams are made of two 34” X34” 
vertical angles riveted to the coaming and separated by a 13-inch 
filler that is riveted through the two angles. This filler fur-. 
nishes support for the beam ends, as shown at b, and the angles 
are spread at the top to facilitate placing the beams. 

The wooden hatch covers are each about 24 inches wide and 
have recessed handles on the top so they can be lifted by a man 
at each end. The hatch cover as a whole is made water-tight 
by means of heavy canvas tarpaulins that are secured to the 
coaming plate by means of steel strips and wedges. 


27. In drawing the lower hatch on the plate, first draw the 
top of the wooden cover slightly above the hatch coaming—4 
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inch to be exact, but this will be difficult to show on this scale. 
Then draw the bottom of the covers, which are 24 inches thick. 
ach cover may in this case be made 22 inches wide so as to 
show five separate covers on the plate. Draw the bottom of 
the beam 17 inches below the bottom of the wooden covers. 
Then draw the vertical angles of the beam supports, which 
are riveted to the coaming plate; only one of the supports 
can be seen in this view, so the construction will have to be 
indicated by the lettering. Next draw the top and bottom 
angles on the beam, the top angles extending to the ends of the 
beam and the bottom one to within about + inch of the vertical 


angles of the beam supports. 


28. The shelter-deck hatch is similar to that of the second 
deck, except as noted on the drawing. The coaming is 30 inches 
high to the top of the hatch section, which is similar to a I bar 
with a half-round for one flange. This hatch section, marked 
P. S. Co. Hatch Scction, because made by the Pennsylvania 
Steel Co., forms a rest for the edge of the hatch cover. In 
order to shed water, the center of the hatch on the weather 
deck is made higher than the sides. 

To draw this hatch, locate the top of the wood covers at the 
center line, by measuring up from the point where the molded 
line of the shelter deck (top of the deck beam) crosses the 
center line of the ship a distance of 34 inches; from this point 
to a point $ inch above the top of the hatch section at the side, 
draw a line representing the top of the wood covers; these 
covers are 3 inches thick. Draw the bottom of the hatch beam 
27 inches below the bottom of the cover at the center line and 
parallel to the base line. The vertical double angles forming 
part of the beam rest, only one angle of which can be seen in 
the view, extend 3 inches below the molded deck line at the 
side; in other respects the supports and beam are similar to 
those of the second-deck hatch. 

As the coaming stands high above the deck, it is necessary to 
support it in some way to prevent it from buckling when the 
deck is under compression when the ship is in the hollow of a 
wave. This is accomplished by means of triangular brackets 
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(not shown) connecting the side coaming and the deck plating. 
Sometimes a horizontal stiffener is fitted to the coaming at 


about one-half its depth. 


29. To enable the deck beams to carry the loads upon the 
decks and not be of excessive size, intermediate supports are 
provided. The supports are known as pillars, or stanchions, 
and are fitted as a single row on the center line of the vessel, 
or, they are placed in a row on each side of the center line at 
or near the sides of the hatches, or both. Formerly these 
pillars were fitted to every beam and later to alternate beams. 
This required a girder at the head to support the intermediate 
beams. Now it is quite general to have the pillars widely 
spaced—from 12 to 20 feet—and to have a strong girder at 
their heads to support the intermediate deck beams. 


30. The-ship here illustrated is used for carrying grain, and 
as this: cargo is easily shifted in a seaway, or rough sea, it is 
usual in such vessels to provide a center-line partition of wood. 
These wooden planks are about 24 inches thick and are placed 
horizontally on their edges and supported by a row of center- 
line pillars staggered alternately to the two sides, so that the 
planks may be supported between them. Pillars are fitted at the 
corners of the hatches, and these are to be drawn dotted as 
shown. The center line of the pillars is 10 feet 1 inch from the 
center line of the vessel. Lower pillars are solid and 44 inches 
in diameter, aad upper pillars, also solid, are 34 inches in 
diameter. The feet of the pillars are forged out into a palm 
which takes two rivets. These rivets for the lower pillars, or 
stanchions, extend through a ‘small doubling plate (not shown), 
the inner-bottom plate, and the reverse frame. The rivets for 
the feet of the upper pillars extend through the deck plate and 
the deck beam flange. The heads of the pillars are flattened 
out vertically and riveted to the deck-beam webs. The pillars 
along the center of the vessel are similar in all respects to 
those just described. 


31. The detail of the horizontal gusset plate over the bilge 
bracket is next to be drawn. This view is a plan of the bracket, 
with the part along the bilge bracket expanded into the hori- 


$ 16 SHIP DRAFTING 21 


zontal plane, First draw the near face of the bilge bracket in 
pencil 2}4 inches above the base line. Next draw in pencil the 
line (vertical on the drawing) representing the intersection of 
the molded lines of the tank top and the margin plate. Draw 
the outer edge of the outer strake of inner-bottom plating and 
the inner edge of the margin—the latter line dotted. The inner- 
bottom plate and the margin plate are shown broken away. 
Draw dotted the far face of the bilge bracket, and also 34 inches 
from the near face of the bilge bracket draw the edge of the 
flange. Part of this latter line will be full and part dotted; as 
is also the line representing the near edge. Draw two dotted 
lines in line with the bilge bracket and to the left of the margin 
line to represent the floor inside of the double bottom, and 
beside it draw the three dotted lines representing the reverse 
frame in the inner bottom. The floor is shown continuing up 
to the bend in the margin, but the reverse frame extends as 
shown in the elevation. The gusset extends from the inter- 
section line of the margin 5 inches toward the center line of the 
ship and extends fore and aft 10 inches each side of the center 
line of the bilge-bracket flange, allowing for five rivets through 
the margin-plate flange. The transverse dimension of .the 
bracket is 24 inches measured from the inboard edge out along 
the bilge-bracket flange. Draw the diagonal sides of the bracket 
as shown. There are shown also five rivets connecting this 
bilge gusset plate to the bilge-bracket flange. The part of the 
bilge-bracket flange and the part of the margin under the 
gusset plate are dotted. 

Also show the gusset in section (full thick line) on the main 
drawing. 


32. To keep the cargo off the steel tank top and out of the 
bilge, a wood ceiling is laid. This is of 23-inch spruce or 
yellow pine, laid fore and aft, and fastened to 2”*3” wooden 
grounds laid transversely at each frame. These grounds are not 
fastened to the steel work, but are laid in a mixture of tar and 
cement while the mixture is wet. As it hardens it firmly 
secures the grounds. The sheathing or ceiling is frequently 
made in sections that can be removed to examine the steel work. 
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Over the bilge brackets the ceiling is directly bolted to the 
flange. A small angle clip is riveted to the web of the frame on 
the side opposite the bilge bracket and takes one end of a 
wooden chock which forms the top of the bilge ceiling, the other 
end resting on the edge of the bilge bracket. This chock is a 
tight fit and should slope inboard so water or dirt will not lodge 
against the shell. The drawing of this ceiling is quite plain 
—the widths of the planks being about 10 inches on the tank 
top, and to suit conditions over the bilge. 


33. On some vessels the ceiling on the bottom is entirely 
omitted except under the cargo hatches, but the bilge ceiling 
is, of course, fitted. In such cases the tank top should be pro- 
tected by a heavy coat of Stockholm tar and cement or bit- 
umastic cement. 


34. Above the bilge ceiling, cargo is prevented from chaf- 
ing against the frames by the wooden cargo battens that extend 
longitudinally throughout the holds. These battens are of 
spruce or yellow pine and in this case are 6 in.X2 in., which is 
about the usual size. They are spaced on 12-inch centers, or 
separated 6 inches, and are attached to the frames by forged 
or cast cleats which permit their easy removal. Where chan- 
nel frames are used, the battens may be attached by bolts. 
Attachment is on every third or fourth frame. To draw these, 
locate the first one 6 inches above the top of the bilge ceiling 
and then draw the battens 6 inches apart. In the ’tween-decks 
space, the lowest batten is just above the 33’”X33” stringer 
angle bar, and the rest are spaced 6 inches apart. These battens 
are shown with the usual hatching to represent wooden ends. 


39. The bilge keels, so called because they are on the bilges 
and are similar to the old-fashioned outside keel, are put on 
each side to assist in preventing excessive rolling of a ship in a 
seaway. They project out from the ship about perpendicular 
to the shell plating. This keel is drawn with the back of the 
outstanding flange of the 7” 34/X.50” angle on a line 45° to 
the base line and passing through the intersection of the dead- 
rise line and the side line. The 11-inch plate laps 3 inches on 
the angle, as shown, and its outer edge is stiffened by the halt 
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round. Rivets connecting the plate and angles are wider spaced 
than the rivets connecting the angle and the shell—usually about 
twice as far apart. By this arrangement, if the end of the bilge 
keel strikes anything, the keel will be broken at a joint in itself 
instead of tearing out the rivets connecting it to the shell. This 
prevents leaks into the vessel and makes repairs simpler. The 
bilge keels extend from one-quarter to one-half of the vessel’s 
length, depending on the fullness of the vessel. They follow 
somewhat the line of the bilge diagonal so as to add as little 
resistance as possible to the vessel’s progress through the water. 


36. The drawing having been made, it is to be finished by 
putting on the lettering, as shown on the plate. The title and 
number of the plate are also to be put on as shown. 

As the lettering refers to certain constructions and details 
that are peculiar to ship drafting, these peculiarities will now 
_be explained. 

Fore-and-aft plates—those that run lengthwise—are indicateu 
by two dimensions, the width and the thickness, as the shelter- 
deck stringer plate 50 in.X.52 in. Thicknesses are here indi- 
cated by hundredths of aninch. As the greatest stress generally 
comes on the middle portion of a vessel, the greater weight of 
material is required there to meet these stresses, and as the 
stresses reduce toward the ends the weight or thickness of 
material may be reduced. The greater thickness extends for 
one-half the length of the vessel and then it tapers gradually 
to the thickness given for the ends. The shelter-deck stringer 
plate is reduced to 33 inches wide and .42 inch thick at the ends. 
The shelter-deck plate is .36 inch thick for the middle half 
length and .34 inch thick at the ends before reaching the peak 
tanks, and .32 inch thick over the peak tanks. This change is 
due to the fact that wide frame spacing, 30-inch, is adopted, 
and to allow for this the deck plating is made thicker in way of 
it, but as the frames in the peaks, or extreme end compartments 
used for water ballast, are spaced only 24 inches apart, the 
thickness is reduced to .32 inch. 


37. Butts of all strakes or lines of plates must be properly 
shifted from butts in adjacent and next adjacent strakes—that 
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is, butts,in adjacent strakes, or next adjacent strakes, must not 
be in line—so as to make the strength somewhere near uni- 
form. Where the thickness is to be reduced at half length, it 
is of course not always possible to have the reduction at 
exactly that point, but at the first butt beyond that point the 
thitkness is changed. 


38. The thickness of transverse members changes at the 
frame immediately beyond the half length. In way of the 
boiler room, all parts of the inner bottom, except those that are 
attached to the outside plates and covered with cement, are 
increased in thickness, the angles .10 inch and the plates 
10 inch to .04 inch, depending on the size of the ship. 


39. Except where fuel oil is carried in the inner bottom, 
all parts of the inner bottom are usually covered by some pro- 
tective coating to prevent deterioration from the dampness. 
This deterioration is specially active under the boiler space, 
and hence the increase in thickness of parts. On the bottom 
there was formerly always laid a mixture of Portland cement 
and fresh-water sand, but this is very heavy and subject to 
cracks. Present-day practice is to employ some bitumastic 
coating that 1s much lighter than the cement and, being plastic, 
will not tend to break away from the steel structure. A heavier 
coating is used on the bottom than on the under side of the tank 
top, the floors, and the keelsons. This coating is also usually 
applied to the entire surface of coal bunkers to prevent cor- 
rosion by the coal. 


40. Sometimes the size and spacing of rivets in different 
parts of the structure is put on the cross-section drawing, but 
that has been omitted here. Riveting schedules, however, will 
be found on some of the detail structural drawings to be made 
further on. The riveting tables of Lloyd’s Register of Shipping 
have been given in Ship Drafting, Part 1. 


41. Classification Rules.—In the lettering on the plate 
it will be noticed that the principal dimensions are given, also 
that this particular vessel is classed at Lloyd’s. 
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All classification rules prescribe very particularly the sizes, 
weights, and proportions of the various parts of vessels, also 
the equipment required to be carried; and a vessel not built 
substantially in accordance with the rules would receive a 
lower rating and hence might be penalized by high insurance 
rates. In the rules, the sizes and arrangement of various paris 
are based on factors derived from certain measurements of the 
ship. These factors are given as rst Number, 2nd Number 
etc., and as ratios between certain dimensions. 

The rst No. and 2nd No. given on the plate are the numbers 
in Lloyd’s tables of scantlings, or sizes of parts, that fit this 
particular vessel. The 1st No. is the sum of the molded beam 
and the molded depth to the deck below the shelter deck, when 
that deck is 8 feet or less below the shelter deck. For full- 
scantling vessels, this depth is to the top deck, or upper deck 
as it is then called. 

The 2nd No. is the product of Lloyd’s length (350.5 feet) 
and the Ist No. Lloyd’s length is measured from the fore side 
of the stem at the second deck to the after side of the stern post 
in shelter-deck vessels. In full-scantling vessels it is measured 
between similar points but on the upper continuous deck. The 
E 
D 
is the ratio of Lloyd’s length to the molded depth measured to 
the upper continuous deck—in this case the shelter deck; and 
d is the depth from the top of the inner bottoin to the top of 
the lowest tier of beams. In this vessel extra-large bilge 
brackets and second-deck beam brackets are fitted, hence a 
modified d value is given. 


expression Lis the ratio of Lloyd’s length te the beam; and 


42, The size of frames above the double bottom and their 
spacing is governed ordinarily by the rst No. and d. The size 
of the upper-deck plating, upper-deck stringer and stringer 
angle, sheer strake or top strake of the shell plating, and of the 


es 
strake below, are governed by the 2nd No. and the ratio a 


The remainder of the shell, the flat plate keel, and the second- 
deck plate and stringer, and all parts of the inner bottom are 
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'} 
determined by the 2nd No. Size of deck beams is determined 
by their length and the number of rows of pillars. 


43. Comparatively few vessels are built exactly in accord 
with classification society rules, as usually some irregularity 
is introduced somewhere that justifies or requires change in 
the sizes of parts in other places. In the case of the ship 
here drawn, the rule spacing—that is, spacing required by 
the rules—of frames is 25 inches, but 30-inch spacing was used, 
and this change required corresponding change in the size 


of frames, shell plating, deck plating, and inner-bottonr framing. 


44, Another number not here shown is the Equipment 
Number, which depends on the size of poop, bridge, forecastle, 
and deck houses. This number regulates the weight of the 
anchors and the size and length of the anchor chains and wire 
and manila hawsers required to be carried on the vessel. 


PLATE 1053: TITLE, KEEL, VERTICAL KEEL, 
INNER BOTTOM, AND LONGITUDINAL 


45. Plate 1053 shows the construction of the flat keel; the 
vertical keel, or center-line keelson; the inner bottom, or tank 
top; and the longitudinal, or side keelson. To make plain the 
general appearance and construction of these parts of a ship, 
Figs. 6 and 7 are introduced. 

Fig. 6 shows the keel structure of a large ship as it appears 
to a person looking toward the stern. Fig. 7 shows the same 
keel after there have been added to it the floors, the margin 
plates, one of the side longitudinals, and some of the aftermost 
frames, the latter indicating quite plainly the shape of the 
vessel’s stern. 


46. To draw the plate, begin with the plan of the Flat 
Keel, and draw in connection with it the elevation of the verti- 
cal keel as shown on the plate. Beginning at a point # inch 
from the left-hand border line of the plate and 1 inch above 
the lower border, draw the center line of the flat keel. Except 
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where otherwise noted on the plate, the drawings are to be 
made to a scale of + inch=1 foot. 

On the center line of the plan, lightly tick in in pencil each of 
the molded frame lines, fourteen in all, the first 1 inch, actual 
measurement, from the left-hand border and the others 30 
inches apart to scale. Number the frames as shown. Then 
draw the side lines of the flat plate keel 23 inches each side of 
the center line; these are dotted lines, as the keel is an outside 
strake and the strake of shell plating next the keel is an inside 
strake. 

Next locate the butt joint in the keel plate, half way between 
frames 43 and 44; this is also shown as a dotted line, as double 


Fic, 8 


butt straps are fitted. The forward plate is .84 inch thick and 
the after plate is .92 inch. 

Draw lightly a pencil line 6 inches each side of the center line, 
as the dotted line in Fig. 8, to indicate the termination of the 
frames inside the inner bottom. These frames may be drawn 
next in the manner shown in Fig. 8, each in three full lines, the 
first in line with one of the frame ticks previously made and 
the other two representing respectively the toe and the flange 
of the frame, which is a 34’ X34” angle. 

Asa water-tight floor (W. T. FI.) is fitted on frame 57, this 
frame will extend to the vertical keel plate and be continued up 


154—26 


30 SHIP DRAPLTING § 16 


on the center keelson in the manner shown in Fig. 9, where it is 
called a bounding bar; it is therefore indicated in section, as 
is shown more plainly on the left-hand frame in the plate in the 
Detail of Flat Keel. 


47. Draw the center keelson as a heavy line with its center 
on the center line of the plan; then draw the angles connecting 
the center keelson and the flat keel, in the manner shown in 
Fig. 8. These are 5 in.X5 in..54 in. and are indicated by two 
lines each, one showing the toe of the angle 5 inches from the 
side of the keelson plate, and the other quite near the keelson 
and representing the vertical flange. 

Indicate the overlapped butt in the 
angles on the starboard side of the keel- 
son plate. The end of the after angles is 
17 inches forward of the frame 46, and 

the forward angle laps 12 inches over the 
Bounding Bar Z 
at W.T. Floor the after one. The vertical flange of the 
Bottom Keet Angla LOrward angle leaves the vertical keel 
11 inches forward of the butt, and a 
tapered filler is fitted in the space for- 
ward of the after angle, between the 
vertical keelson and the forward angle. 
A similar arrangement of a filler is used on the lower, or hori- 
zontal, flange of this angle. A similar angle connection would 
be made in the angle on the port side of the keelson, but at 
another place to avoid butts coming opposite each other. 


Joep Keel Angle 


¢ keelson or Vertical Keel- 


Fie. 9 


48. In Table I, given in Ship Drafting, Part 1, it will 
be seen that the required edge lap for a .92-inch plate is 63 
inches and the lap for an .84-inch plate is 6 inches. Hence the 
laps of the shell strake next to the flat keel are to be drawn 
- 6} inches and 6 inches, according to the weight of the shell 
plate, the break of course coming at the butt of the plates. As 
this shell strake is an inside strake, these lines will be full 
except in way of the frames. The 9-inch butt laps, 12 inches 
aft of frames 46 and 48, are also to be indicated, the butts being 
located in the manner shown in the Detail of Flat Keel. The 
butt straps on the flat keel are also to be drawn to the dimen- 
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sions given in the detail drawing, the inner, or upper, strap 
being shown in full lines and the outer one in dotted lines. 
Note that the inner strap is in two parts, one part on each side 
the center-keelson angles and extending to the shell strake next 
the keel, with clearances of 1 inch and 4 inch, as indicated. 
The outer, or bottom, strap extends clear to the edges of the 
keel plate. The type of butts is to be indicated in the manner 
shown in Fig. 29 in Ship Drafting, Part 1, and the lettering 
completes the plan of the flat keel. 


49. Next draw the Vertical Keel, or center-line keelson. 
First draw a line 2;°; inches above the border line of the plate, 
to represent the bottom of the vertical keel, and in length and 
location corresponding to the center line of the plan of the flat 
keel. The vertical keel is 48 inches deep; therefore, 48 inches, 
to scale, above this line draw a line to represent the top of the 
keel; this line will represent also the molded top of the inner 
bottom, or tank, and corresponds to the bottom of the center- 
line strake of the inner-bottom plating. 

The molded base line is above the top of the flat plate keel, 
which should next be drawn as a heavy line; on this should 
also be shown the projection of the outer butt strap, the loca- 
tion of which is determined from the plan. The inner butt 
strap, not extending under the angles, does not appear in this 
view. 

Five inches above the top of the flat keel, draw the top of the 
5” 5” X.54” angle that connects the flat and the vertical keels. 
Show the lower flange of this angle and the projection of 
the butt shown in the view of the flat keel. Also show the 
34’ X34’ X.50” angle connecting the vertical keelson to the 
center-line strake of the inner bottom. The butt forward of 
frame 43 is drawn similar to that in the lower angles. 


50. Next, from the molded frame lines in the plan of the 
flat keel, locate the heels of the 34’ X3}’X.44” vertical angles 
that connect the floors to the center vertical keelson, and draw 
them; as shown in Details of Vertical Keel, on the plate, they 
extend from 6 inches above the bottom of the keel plate to 44 
inches below its top. At the water-tight floor, double angles 
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are drawn, the heel of that on the after side being on the frame 
line and extending to the inner bottom and the flat keel, the 
angle being made in the form shown in Fig. 9. Draw the heavy 
solid line representing the floor, with its after side on the frame 
line. Forward of the floor is an angle clip similar to those on 
the other frames. The after angle is shown in heavy solid 
section at the top and bottom, as it is continuous toward the 
view point. 

Draw the butt laps in the vertical keel forward of frames 51 
and 41, the crosses in the way of the top and bottom angles 
indicating scarf joints, the construction of which was shown in 
Fig. 30 of Ship Drafting, Part 1. Lay off the center-line strake 
of the inner-bottom plating, making this a heavy line with the 
bottom edge at the top of the vertical keel. Show the lapped 
butt forward of frame 46, located and of width as dimensioned 
in the Plan of Inner-Bottom, on the plate. The offset of the 
forward plate, or the point where the plate leaves the molded 
line, is 9 inches forward of the forward end of the after plate. 
Finish the sketch by drawing the breaks in the plates and 
angles at the ends and showing the symbols of riveting in 
vertical-keel butts ; then put on the lettering. 


51. Next draw the Plan of Inner Bottom. At a point 
7% inches above the bottom border line, and extending the same 
as the base line, draw the center line of the ship, which repre- 
sents also the center line of the inner-bottom plating, and on 
this line, from the views previously drawn, project points locat- 
ing the frame lines. 

At frame 52, mark with pencil, points 12 feet 8$ inches on 
each side of the center line; also at frame 38 locate points 7 feet 
6 inches each side of the center, and connect the forward points 
with the after ones by dot-and-dash lines to represent the 
knuckle, or intersection, of the molded lines of the margin and 
the tank-top, or inner bottom, plates. -The general construc- 
tion represented will be made plain by veference to the cross- 
section, Plate 1052. 

At frame 51, at a distance of 15 feet 44 inches to port of the 
center line, locate a point, and at frame 38 locate another point 
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10 feet 2 inches to port of the center line. Connect these with a 
full line. This line indicates the intersection of the margin 
plate and the shell, the margin plate being considered as swung 
about the knuckle into the horizontal plane, or plane of the 
inner bottom. 

Draw the edges of the center strake of inner-bottom plating 
21 inches each side of the center line; these will be dotted. 
Locate on the starboard side the sight edge of the strake next 
to the center. The sight edge is the edge of plating that is seen 
from the side away from the 
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52. Draw the vertical keelson as a heavy dotted line with 
the dots connected by fine solid lines. As indicated in Fig. 10, 
which shows a number of details to a larger scale, this is done 
by drawing a fine line each side of the center line and then fill- 
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ing the black dots between. Next show the top center-keel 
angles, each by two dotted lines on each side of the center-keel- 
son plate. With the heels in line with the frame ticks that were 
projected from the view of the flat keel, draw the reverse 
frames extending from just beyond the toe of the top center- 
keel angles to within 2 inches of the knuckle. These reverse 
frames are represented by three lines, the flange being dotted 
throughout and the toe and heel lines being full lines on the 
starboard side outboard of the break in the inner-bottom plat- 
ing, and dotted elsewhere. 


53. From points 6 feet 4 inches each side the center line at 
frame 51, to points 4 feet each side the center line at frame 38, 
draw light pencil lines. These represent the molded lines of 
No. 1 longitudinal, or side keelson. Between the reverse frames, 
draw the intercostal angles connecting the side keelson to the 
tank top, the heels of the angles being on the molded line of 
the longitudinal. These intercostal angles are drawn dotted 
where the plating is represented to cover them and full or 
dotted in other parts as per instructions for drawing the reverse 
frames. Aft of frame 517, just a portion of No. 1 longitudinal 
is shown, and also a small portion of No. 2 longitudinal 10 feet 
6 inches from the center line. On the port side, draw the 
4”*4”"X.50” angle connecting the margin plate and the shell. 


54. In line with each of the reverse frames, draw one of 
the clips connecting the bilge brackets to the margin at frames 
38 to 50, inclusive. These clips extend from about 2 inches 
from the knuckle line to about 3 inch from the toe of the margin 
angle, as shown more plainly in Fig. 10. Forward of each of 
these clips is a bilge bracket, shown by a heavy line, and then 
the doubling clip shown by two lines. The sides of the heavy 
line representing the bilge bracket form the backs of these 
angles. As the angles are 3$ in. X34 in. and the bracket .38 inch 
thick, the total length fore and aft will be 7.38 inches, but on 
a quarter-inch scale the scaled length may run a little over. 


55. On the odd-numbered frames, 30 to 40, inclusive, are 
shown the gusset plates connecting the margin-plate top flange 
to the flange of the bilge bracket. These brackets are usually 
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detailed on another plan (See Plate 1052), and are here shown 
just to complete the plan; so no dimensions appear. They 
extend forward 18 inches from a point 7 inches aft of the after 
edge of the bilge bracket, and the lap on the margin plate 
inboard of the knuckle line is 5 inches. The flange on top of 
the bilge bracket is 4 inches wide, and is shown dotted. The 
diagonal lines from the outboard end of the gusset plates to the 
corners of the lap on the margin complete this detail. Note 
that the double angles connecting the margin and bilge brackets 
are not shown behind the gussets, because, as will be seen by 
reference to Plate 1052, they are not in the same plane. 

Draw the butts in the margin plate as dimensioned, making 
them at right angles to the landing edge at the knuckle. 


56. At frame 57, draw a heavy line with its after side 
coincident with the frame tick; this represents the plate of the 
water-tight bulkhead above the inner bottom. The vertical 
flange and the toe of the bounding bar to the inner bottom are 
shown by two solid lines aft of the plate. At the port side of 
the vessel the angle is shown heavy in section where it turns up 
over the margin angle similar to the floor bounding angle shown 
in Fig. 9. The toe of the top bounding angle of the water-tight 
floor is shown dotted just forward of the toe of the bulkhead 
bounding bar. Also, 135 inches each side of the center line and 
two spaces of 27 inches each to port, locate the heels of bulk- 
head stiffener bracket clips. These are 3$-inch angles. Beyond 
to port is a space of 28 inches to the heel of another bracket 
clip, and finally 30 inches to another. The first and the last 
angles toe inboard ; all others outboard. The object of showing 
these is to indicate where riveting through the tank top occurs. 
These clips extend from about 14 inches from the bulkhead to 
the molded line of the frame next forward. This is to secure a 
firm connection to a solid floor instead of the flexible connec- 
tion that would be afforded if the bracket were shorter and 
connected to the tank-top plating only. 


57. Next, locate a water-tight manhole (W. T. M.) for 
access to the double-bottom compartment. The center of this 
manhole is 16 inches aft of frame 49, and 9 feet from the center 
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line of the ship. The cut in the plate is 15 inchesX18 inches 
and has circular ends. Draw the major axis perpencicular to 
the center line of the vessel and locate the centers of the end 
arcs, respectively, 14 inches inboard and outboard of the center 
of the manhole. 


58. Midway between the No. 1 longitudinal and the 
knuckle on the starboard side of the drawing, draw a dot-and- 
dash center line, which locates a line of lightening holes in the 
double-bottom floors. Similarly, locate the centers of the light- 
ening holes between the center keelson and the No. 1 longitu- 
dinal. The outer holes in floors 38 to 42, inclusive, are 18 
inches in diameter, and all others are 24 inches X18 inches, the 
24 inches being the horizontal measurement. Locate the ends 
of the holes by fore-and-aft lines, $ inch (actual size) long, and 
draw the diagonal lines in dash. This is a symbolic way of 
representing the lightening holes. The’ riveting’ symbols and 
the lettering, as shown on the plate, complete this view. 


59. The view of Longitudinal No. 1 is next to be made. 
Ata point 17% inches, actual measurement, below the top border 
line, draw the base line, and on this, in positions projected from 
the plan, tick off the frames. Then 4 feet (to scale) above 
this, draw the molded line of the inner bottom. As this longi- 
tudinal tapers in toward the center line of the vessel as it goes 
forward, and as the body lines of the ship rise nearer to the 
center line as they approach the bow, as was shown in Plate 
1051, this keelson will be of nearly constant depth throughout 
the part here shown. Actually the bottom line usually curves 
up slightly like the buttock lines in Plate 1051. To facilitate 
drawing, it has been assumed here that the bottom is parallel to 
and 12 inches above the base line. Draw a line representing 
the bottom. Square up from the base line, and indicate by 
light pencil lines the molded frame lines the full depth of the 
keelson. With the forward side of the flanges at these pencil 
lines, draw in heavy section the 34”X34’”X.44” frames and 
reverse frames toeing aft. Immediately forward of these 
angles draw heavy lines representing the floors extending from 
the bottom to the top of the side keelson, or longitudinal. 
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Draw 3’X3/X.40” clips, one forward of and one aft of each 
floor to connect the floors and side keelson. These clips extend 
from 4 inches above the bottom to 4 inches below the top of 
the keelson. A convenient way to draw these clips is to draw 
light pencil lines at distances 4 inches from the top and bottom 
and then draw between these pencil lines the two lines repre- 
senting each clip. This view of the longitudinal is from the 
center looking outboard, hence the angles are all shown full. 

Next draw the 33”%34’X.42” angle clips connecting the 
longitudinal to the inner bottom plate and the shell. These clips 
extend from 4 inches aft of the face of the floor to 2 inches 
forward of the face of the next floor. See Detail of Longi- 
tudinal No. 1. Draw in the general view of the longitudinal 
the cut backs in the plates, as shown in the detail. 

The keelson plates are intercostal between the floors—that is, 
the floors are continuous athwartships, and the keelson plates, 
A0 inch thick, are separate plates between the floors. In the 
keelson plates, in the center of each space between floors, is a 
15’°X18” lightening hole. This is drawn in the same way as 
the manhole in the tank-top plating. The inner-bottom and 
shell plating may or may not be shown in this view. If shown, 
it would be in heavy lines, the inner-bottom above the top angle 
and the shell plating below the bottom angle. It is not shown 
here. The four views—flat plate keel, vertical keel, inner bot- 
tom, and longitudinal No. 1—should all be in line; that is, the 
same frames in all the views should be in one vertical line. If 
there were other longitudinals to be drawn, they would, if 
possible, be in the same line. These views should be completed 
by putting on the lettering as shown. 


60. Next, draw the Detail of Flat Keel. Draw the center 
line 8 inches (actual measurement) above the bottom border 
line. Locate one frame line 1? inches from the right-hand 
border and tick in three more frames 30 inches (to $-inch 
scale) apart to the left. Draw the vertical keel, bottom angles, 
flat keel, shell strakes adjacent to keel, frames in inner bottom, 
and the flat-keel butt straps according to the dimensions given in 
Art. 46 and following, where the drawing of the flat keel was 
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described. Draw a light line 24 inches from the heel to locate 
the centers of the rivets in the bottom keel angles. When a 
line of rivets is located by measurement from the heel of an 
angle or the edge of a plate, the measurement is called the 
outgauge and the rivets are said to be outgauged a certain dis- 
tance from the heel or edge, and the center line of the row of 
rivets is called the outgauge line, or the gauge line. The out- 
gauge line for the frames is then drawn 1 inches from the 
heel. In the 6-inch seam, draw outgauge lines 13 inches 
from each edge, and in the 6%-inch seam draw such lines 14% 
inches from each edge. Rivets must not be nearer the edge 
of a plate, butt strap, or end or toe of an angle, than one and 
one-half diameters. This is important to remember. In each 
case, the size of rivets is given in the Riveting Instructions on 
this plate, which are in accordance with the requirements of 
Lloyd’s Riveting Tables already given. 

Locate a rivet by a small circle 2 inches in diameter at the 
intersection of the rivet line of the frame and the rivet line of 
the bottom angles of the keel, also one at the intersection of the 
frame rivet line and the outer-seam rivet line. As the rivets 
through the frames are 1 inch in diameter, as shown by the 
Riveting Instructions, the end rivets in the frames must be 14 
inches from the end and should be so located. In the three 
right-hand, or forward, frames locate a rivet half way between 
the end rivet and that in the outer row of the seam. At the 
left-hand, or after, frame, which has a water-tight floor and 
hence has water-tight rivet spacing, locate a rivet at the inner 
row of seam rivets and two others equally spaced between this 
and the rivet in the keel angle. 

The rivets in this keel angle are 1 inch in diameter and must 
not exceed 43 inches in spacing. The distance, lengthwise of 
the ship, between the rivets already located is one frame space, 
or 30 inches; and 30 divided by 44 gives 62; hence, there will 
be six rivets or seven equal spaces of 42 inches between these 
rivets, except in way of the keel butt strap. 

Locate the end of the forward keel angle 5 inches forward 
of the molded frame line, and make the lap 12 inches long. 
The taper is 11 inches long. It can be figured out that the end 
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rivets in the butt lap of these angles, when spaced as just 
described, are 1.70 inches from the after end, and 1.73 inches 
from the forward end of the butt, which distance is in excess 
of the 1} diameters required. 

Locate, as per dimensions, the treble-riveted butt in the shell 
strake next the flat keel. This is seen on the port side just aft 
of the right-hand frame. Rivets in this seam are 1 inch in 
diameter (See Riveting Instructions) and the outer rows will 
each be 13 inches from the edge of the butt and the other row 
will be half way between. From the dimensions given, the 
distance from the rivet in the right-hand frame to the rig’t- 
hand row in the butt lap is 12-+14—1§—118 inches, 17 inches 
being the outgauge of the frame rivets. According to the Rivet- 
ing Instructions, the spacing of the rivets in the seam must 
not exceed 4 inches; then, in 113 inches there would be (112 
+3=3{) three spaces, or two rivets, between the frame rivet 
and the nearest seam rivet. 

The distance from the left-hand seam rivet to the outgauge 
line on the second frame is 9+1$+14—1232 inches, therefore 
two rivets in each seam row equally spaced 4§ inches are pro- 
vided between the left-hand rivets in the butt and the frame. 
This slightly exceeds the limit, but three rivets would be too 
closely spaced. 

In the 6-inch seam clear of the butt, there will be required 
eight spaces, or seven rivets, between frame rivets to avoid 
exceeding the 4-inch spacing required by the Riveting Instruc- 
tions. In the 63-inch seam, 14-inch rivets are used, and six 
rivets between the frames will give 44-inch spaces, which are 
less than the allowed maximum of 44 inches. 

The treble-riveted double butt strap in the flat keel is 213 
inches wide, as per Table I, Ship Drafting, Part 1, for plates 
.92 inch thick, the thicker plate governing the size of rivets 
and size of strap. From the same table, the rivets are 14 
inches diameter. Locate the first row of holes 13X1$=14¢ 
inches from each edge of the strap. The inner rows will also 
be 144 inches from the edges of the plates, or on 32-inch cen- 
ters. The intermediate row on each side of the strap will be 
equidistant from the others, or 344 inches. Rivets through 
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the seams and through the keel angles will be spaced like this 
in way of the straps. The rivets in the top straps are 14 
diameters, or 144 inches, from the ends, and there will be one 
intermediate line of rivets. 


61. Next, draw the Detail of Vertical Keel. Draw a 
straight line, representing the bottom of the keel, 27% inches 
below the top border and extending from 6 inches to within 
* inch from the right border. The scale of the drawing is to 
be 4 inch=1 foot, and the dimensions will be those given in 
Art 49 where the keel was first described. Four feet, to scale, 
above the base line, draw a straight line representing the top of 
the keel. Draw the 33’X3!’X.44” vertical angles connecting 
the vertical keel, or keelson, to the floors. These are on the 

frame lines as described 
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views already drawn. 
Draw the butt lap and 
indicate the scarfs. Note that the after end of the forward 
plate is a full line and the forward end of the after plate is a 
dotted line which shows that the forward end of the after 
plate is om the far side of the forward plate. Fig. 11 is a 
horizontal section through the vertical keel, in way of this butt 
lap and shows the connections of the water-tight floor and the 
ordinary floor. 

The Riveting Instructions on the plate show that the rivets 
through the clips or angles connecting the vertical keel to the 
floors are to be $ inch in diameter and not over 42 inches apart. 
Outgauge the line of rivets 13 inches from the heel of each 
angle and locate the first rivet 14 diameters, or 1; inches, 
from the top end of the angle. The rivets in the two flanges of 
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these angles must not come opposite each other, else there will 
be difficulty in driving them. In order to stagger the two lines— 
those through the vertical keel and those through the floor—and 
have the same number of rivets in each, there must be a wide 
space between the lower end of the angle and the last rivet in 
the flange that connects to the keel; and opposite this space will 
be the lower rivet in the flange connecting to the floor, this rivet 
being 13 diameters from the end. Accordingly, make the rivet 
spacing 4} inches. These vertical angles are 48—(6+44) 
==37% inches long. After deducting 1,5; inches for the first 
rivet and 8 spaces of 44 inches each, there is left 23 inches 
from the last rivet to the lower end of the bar. Rivets in the 
flange to the floor are spaced the same, but from the bottom up, 
and hence there is proper staggering. 

The bottom angle is connected to the vertical keel by $-inch 
rivets spaced not to exceed 5 diameters, or 43 inches. These 
rivets are staggered, with alternate rivets in the lower row 
emitted. Outgauge the two rows 2 inches and 33 inches, respec- 
tively, from the heel of the angle, and locate a rivet in the outer 
row at the intersection with the gauge line of the rivets in the 
vertical angles. The distance between these rivets:is a frame 
space, 30 inches, and seven equal spaces would be 44 inches 
each, which is within the maximum allowed. Space rivets in 
the lower row midway between those in the upper, but omit 
alternate rivets. One rivet 24 inches above the heel of the bot- 
tom angle secures the water-tight angle on the after side of the 
water-tight floor. 

The rivets through the top angle are spaced the same as those 
in the top row of the lower keel angle, but the outgauge is 1 
inches. In the frame space forward of the water-tight floor, a 
rivet is located at the intersection of the gauge lines of the top 
angle and of the forward vertical angle on the water-tight floor. 
Five rivets will be located in the space between this and the 
rivet above the next forward vertical angle, and it will be noted 
that the butt comes in this space. 

The outer rivets in the butt are 1; inches from the edge, 
and the middle row is half way between these. The distance 
between the rivets in the upper angle and in the top row of the 
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lower angle is 48—(15+32)—42.5 inches. This divides into 
13 equal spaces of 3.27 inches each, which is less than the 
allowable maximum of 34 inches. Accordingly there will be 
12 rivets in each row between the top and bottom angle. 


62. Next draw the Detail of Longitudinal No. 1. The 
base line for this is a continuation of the Detail of Vertical 
Keel, and the frame line is 6% inches from the right-hand 
border. Draw in pencil the bottom of the longitudinal 12 
inches, to scale, above the base line, and the top 4 feet above the 
base line, and on these lines tick in the location of the frame. 
With the heels in line with the frame tick, draw in heavy 
section the 34/34” frame and reverse frame, and also draw 
the vertical 3’X3” angle to floor, this angle extending from 
4 inches above the bottom of the longitudinal to 4 inches below 
the top. Draw the floor as a heavy line against the vertical 
angle, and to the right draw the vertical angle on the forward 
side and of the same extent as the after one. Draw the top and 
bottom angles extending to within 2 inches of the forward side 
and 4 inches of the after side of the floor plate. The inter- 
costal plates forward and aft of the floor are to be shown 
broken off. The only information given on this sketch that is 
not in the general view is the extent of the cut backs at the 
frame and reverse frames and the extent of the vertical angles. 
The spacing of rivets in the vertical angles is similar to that in 
the vertical keel in that the rivets in the two BOI must be 
staggered. The spacing is 7 diameters. 


63. The details that have been shown on the plate would 
not necessarily come together at any one place, as in the Detail 
of Flat Keel, where a butt in the flat keel is shown in the next 
frame space to a butt in the shell and in the next space but one 
to a water-tight floor. Everything is put in small space in the 
view to show all the methods in one detail. 

The floors are omitted in all drawings except the detail of 
the vertical keel and those of the side longitudinal. This is 
because they would cause more lines but would show nothing 
additional. The lightening holes in the floors are indicated in 
the plan of the inner bottom, but the floors are not shown. In 
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the side keelson, or longitudinal, the floors are in section and 
as the longitudinal plates are cut at the floors it is necessary 
that the floors be shown. Where double angles are fitted, as at 
a water-tight floor, there the floor is shown. 

The sides, or outer edges, of the inner bottom are shown as 
straight lines, whereas they would ordinarily be curved. This 
was done to facilitate drawing. 


64. Riveting in general is completely covered by the Rivet- 
ing Instructions on the plate and by the classification society's 
rules, and these instructions should be put on the drawing in 
the form shown. These two enable the templet maker in the 
shops to locate all rivets. 

To draw the Riveting Instructions on the plate, locate a hori- 
zontal line 5$ inches above the lower border line and extending 
4 inches to the left of the right-hand border line. From the end 
of this horizontal line, draw a vertical line, as shown, and on it 
lay off one space of 3 of an inch and 13 spaces of 3; inch each 
and draw the horizontal lines as shown. One inch to the left 
of the right-hand border line draw the vertical column rule 
and divide the space between it and the border into three equal 
parts by vertical lines, the ruling over the two right-hand 
columns being arranged as shown. Then letter in the instruc- 
tions as shown on the plate, putting over all the head Riveting 
Instructions with the single line under it, and add the note 
under the instructions. 

B cause the title of this plate is longer than usual, the letter- 
ing on it may be made 3; inch high instead of 4 inch as has been 
the practice on ordinary drawing plates. When the title and 
number of the plate have been put on the plate will be complete. 


PLATE 1054: TITLE, DECK PLAN 


65. Plate 1054 is a plan of a portion of a ship’s deck show- 
ing the way a deck-plating plan is laid out and showing some 
of the necessary details that go with it. The plan view of the 
deck plating, and the section 8 feet from the center line, show- 
ing girder, are drawn to a scale of + inch=1 foot, while the 
details of brackets are drawn to a scale of 2 inch=1 foot. The 
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part of the deck represented is toward the bow, the after part 
being at the left. Begin this plan by drawing the center line of 
the ship parallel to and 14 inches above the bottom border line ; 
then, 14 inches to the right of the left-hand border, draw 
another line perpendicular to this center line. From the inter- 
section of these lines mark off on the center line points 30 
inches apart to locate the molded frame lines ; draw light pencil 
lines through these points perpendicular to the center line, and 
number them as shown. 


66. In actual practice the next step would be to lay off 
from the center line, on these frame lines, the half breadths of 
the deck which are given in the book of offsets, marking the 
points with dots, and then draw a fair line through the dots 
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on the frame lines; but on this plate the edge of the deck shown 
has been made a straight line for convenience in drawing. 
Therefore, on frame line 43, mark a point 24 feet from the 
center line, and on frame line 30, mark another point 17 feet 
6 inches from the center line, and connect the two points with 
a straight line. This represents the intersection of the deck 
with the outside of the ship and is called the molded deck line. 


67. The next step is to show any openings in the deck. 
Between frames 32 and 40 is a cargo hatch 16 feet wide, the 
general appearance of which is shown in Fig. 12. Therefore, 
between these two frames draw a line parallel with the center 
line and 8 feet from it to represent one side of the hatch open- 
ing. Next the deck-plate lines are to be laid in. The stringer 
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plate, which is the plate next to the outside, is always laid in 
first, as it has a definite width assigned on the midship-section 
drawing. In this case it is assumed to be 48 inches wide and 
44 inch thick, so draw a dotted line parallel to the line repre- 
senting the deck line, or the outer edge of the deck, and 48 
inches from it, and then a full line also parallel to the dotted 
line and 24 inches farther outboard. These lines show the 
seam, the full line representing the sight edge, and the dotted 
line the landing edge. The sight edges of the remainder of the 
deck plating are now drawn, parallel to the center line, at 2 feet 
8 inches, 8 feet, and 13 feet 8 inches, respectively, from it. At 
a distance of 1 foot 6 inches forward of frame 32, strake C 
widens out to the stringer plate, in order to prevent the for- 
ward edge of strake D from coming to a point, the butt lap at 
this place being 23 inches wide. The landing edges are drawn 
dotted 24 inches from the sight edges and parallel to them 
as shown. 


68.. Now, in their places at the outboard edge of the deck, 
draw the sections of the frames, which are 9”’X33” channels. 
The back of the web is in line with the frame tick on the 
center line, and the flanges are parallel to the deck line, the 
outer flange having its side coincident with that line. Indicate 
the cuts in the stringer plate about the frames. These 
are 4 inches wide and 9 inches deep. The frames toe 
aft or to the left. One-half inch forward of the frames, 
draw the deck beams dotted. Thev are represented by three 
lines, the two to the left indicating the web and the one to the 
right, 3$ inches from the left-hand line, indicating the toe of 
the beam. At frame 4o the beam is reversed and its heel is in 
line with the back of the frame. On the forward side of 
frame go and between the frames and beams elsewhere, indi- 
cate by heavy dotted lines the deck-beam brackets extending 
2 feet 4 inches inboard from a point 54 inches outboard of the 
inner flange of the frame. See detail at upper right-hand 
corner of the plate. 

Next draw the doubling plates at hatch corners as dimen- 
sioned. Doublings are usually placed at the corners of all 
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hatches in steel decks within the middle half-length of the 
vessel, to strengthen the deck at these points. 

Draw the butt laps in strakes C, D, and S T as dimensioned, 
those in S T being perpendicular to the sight edge. When the 
deck line is curved, the sight edge at the stringer seam is 
straight and the change in direction of the sight edge is made 
at the stringer butt. 


69. In actual practice the connection of the stringer plate 
to the shell would be of one type for most of the length of the 
ship, but on the plate are shown three different types of con- 
nections that occur frequently. 

The type called stapling, shown on frames 40 to 43, is used 
over a water tank when the frames are not cut at the deck. 
The details of stapling were shown in Fig. 33, Ship Drafting, 
Pert 1. 

The type shown at frames 30 to 32 is used when the deck is 
water- or oil-tight and the frames are cut and bracketed at the 
deck, this condition occurring, of course, only where the shell 
and frames continue above the deck shown. 

The third type, shown at frames 33 to 39, is used on a deck 
of a cargo steamer when over a cargo hold. The outside angles 
are called shell clips and the inner continuous angle the stringer 
angle. The space between the two angles is filled with a 
wooden block set in cement or with a mixture of coke and 
cement. 

Draw the shell clips and stringer angle, ana the stapling. It 
will be noticed on frames 30 to 32 that there are clips shown on 
top of the deck stringer over the beams. These clips are 3$ in. 
3% in.X.48 in. and are 2 feet 44 inches long. The outer end 
is 54 inches from the deck line. The construction is shown in 
the upper right-hand detail, which also shows the frame con- 
tinuing above the deck. The placing of these clips over the 
beams is good practice when the deck is water-tight, but in 
case of an oil-tight deck they should be on the near side of the 
bracket so as not to produce three-ply riveting. By three-ply 
riveting is meant riveting through three thicknesses of 
material. 
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70. Having finished the stringer angles, next draw the 
bulkhead bounding angle at frame 43, on top of the plating. 
The stringer angle is continuous under this angle in order to 
make a good water-tight connection and the angle is shown in 
heavy section where carried up the side. 

At 8 feet from the center liné is a girder under the deck, 
placed to support the beams and also to form the side of the 
hatch. This girder is supported by a pillar at frame 32. 
Beyond the hatch opening at each end, draw dotted the 
clips connecting the girder to the deck, with the heels of the 
clips 8 feet from the center line, and then show the pillar foot 
on top of the doubling plate. This pillar is 8.62 inches outside 
diameter and has a 33-inch flange connecting it to the deck. 
Cross-hatch the edges of the doublers at the corners of the 
hatch to show that the doublers do not run under the hatch 
bounding angles. Note that the seam lap between strakes 
B and C€ is cut out under the doubling plates and that the 
doubling plates act as seam straps. This is done to make a 
flush.surface under the doublers. 


71. Draw the 6”X34’X.50” bounding bar, or coaming 
angle, of the hatch with the 6-inch flange to the deck and 
extending between the toes of the end beams. The heel is 
8 feet from the center line. The end coaming angles, 34 in. 
X34 in.X.50 in., have their toes at the heels of the deck beams 
under; that is, the toes of both face the hatch. Draw another 
line parallel to and about 4 inch inboard of the side coaming 
angle. This line represents the plate coaming, the general con- 
struction of which was shown in Fig. 5. 

When the lettering and dimensions have been put on, this 
view will be complete. 


72, The next view to show is an elevation of the girder; 
this is shown just above the deck plan. From a point 3% inches 
below the top border line and 14 inches to the right of the left- 
hand border line, draw a straight line to a point 34% inches 
below the top border line and 10 inches from the left-hand 
border line. This represents the molded line of the deck, which 
has a sheer, or rise, forward. Now draw another line parallel 
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to and 14 inches below the deck line. This is the bottom of the 
girder, the depth of the girder being determined by the depth of 
the deck beam (10 inches) plus the girder angle (4 inches). 
Next, draw, in pencil only, another line parallel to the molded 
deck line and 10 inches below it, to locate the bottoms of the 
beams. Then, project up the beam lines from the plan view 
below, and draw in the sections of the deck beams that are not 
cut, as shown, the beams being 10 inches X3% inches. 

Draw the 6”X4”X.50” angles at'the bottom of those parts 
of the girder plate not in the way of the hatch. In these parts 
the deck beams are shown to pass through the girder plate, 
4-inch cuts being made for the purpose clear across the plate, 
as indicated by the dotted lines showing the cut continuing 
behind the bottom angle. 

On top of the molded deck line draw a heavy line to repre- 
sent the deck plating in section, making the line dotted in way 
of the hatch frames 32 to 40, as shown, 

Show the 9-inch stiffener at bulkhead 43, and the bracket 
2 feet 7 inches deep, which connects the stiffener to the girder 
and makes the stiffener act as a support for the end of the 
girder. See details in upper left-hand corner of the plate. 
Between frames 32 and 4o the girder plate also forms the 
side of the hatch, constituting the hatch coaming, and has a 
6-inch flange on the bottom for strength and to keep the cargo 
lifting ropes from chafing. Draw a dotted line 4 inch above 
the bottom of the girder, in way of the hatch only, to represent 
this flange. The deck beams where cut, as 33 to 39, are con- 
nected to the girder or hatch coaming by a 6”X3%” angle, as 
shown in Section V XN, with the 33-inch leg of the angle against 
the girder plate. Draw these connections to the girder dotted 
as shown. To make the arrangement plainer, the ends of the 
beams have also been dotted in. Show the 6”X6” corner angles 
at beams 32 and go. Next draw 3”X3”X.40” angle clips that 
connect the deck to the girder plate, and then the 3”X3”X.40” 
clips connecting the through beams to the girder plate. 

Above the deck plating draw the hatch angle 34 inches high 
extending from the toe of beam 32 to the toe of beam 4o, and 
then draw the section lines XY X. The arrows indicate which 
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way the section itself is seen. The pillars above and below the 
deck now remain to be shown. These are 8.62 inches and 
10.75 inches, outside diameter, respectively, and are connected 
to the deck and the bottom of the girder by a 6”X34” angle 
,ting, the 6-inch flange being against the pillars. 


op 
42d. 


The next step is to show the enlarged details of some 
of the parts so as to make the riveting clear. The detail in the 
upper left-hand corner of the plate shows the connection of the 
girder to the bulkhead stiffener, and also shows the general 
scheme of riveting for the girder angles. To draw this, begin 
at a point 14 inches below the top border line of the plate and 
13 inches to the right of the left-hand border line and draw a 
straight line parallel to the deck line of the girder below and 
extending about 4 inches to the right. This represents the top 
side.of the girder. ‘Then, to the scale of } inch=1 foot, draw 
another line parallel to the first and 14 inches below it to form 
the bottom of the girder. The remainder of the detail is similar 
to the girder below, but at { inch to the foot instead of $ inch 
to the foot. After finishing the main outline, draw the rivet 
line in the top angle 13 inches down from the heel of the 3-inch 
angle and parallel to it. The rivet line in the bottom angle is 

4 inches up from the heel of the angle, and the rivet lines in the 
vertical clips to the beams are 13 inches from their heels. The 
rivet lines in the channel are 2 inches in from its edges, the 
reason for the increased dimension being that the fillet in a 
channel is larger than in an angle, and more room must be 
allowed in order that the rivet head may le flat on the web of 
the channel. To represent the rivets, put in the circles 1} 
inches in diameter, as shown, placing those next to the plate 
edges 1} inches back from the edge and equally spacing the . 
others. 


74. The next view to the right is a view looking aft, 
showing a transverse section of the girder, as at Y Y, and the 
clip connecting it to the deck beam. Draw first the vertical 
girder plate 6} inches from the left-hand border line, 14 inches 
deep (to scale), then draw the beam 10 inches deep at right 
angles to it. ‘hen show the 6”X4” angles at the bottom, and 
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the 3”X3” clip, dotted behind the beam and joggled over the 
6”X4” angle. After this, draw the vertical rivet line 12 inches 
from the heel of the 3’”X3” angle and show the two end rivets, 
of the same diameter as before, 2 inches from the bottom and 
the top of the beam and the third one in the middle. 


75. The view marked Section X X is a transverse section 
through the girder in way of the hatch, and is drawn to show 
the connection of the beam to the girder plate and also to the 
6-inch flange of the girder. 

First draw the deck line 1 inch below and parallel to the top 
border line of the plate, and make the section of the hatch 
girder plate 8$ inches from the left-hand border line. The 
section of the girder plate should be $ inch thick with a 6-inch 
flange at the bottom. Next draw the deck beam, which is a 
channel 10 inches deep, and draw the 6”X33” angle clip dotted 
behind the beam and flanged 34 inches at the bottom. The 
rivet lines in tie 6-inch flange of the clip are 2+ inches and 

3 inches, respectively, from the heel of the angle. The end 
rivets on the inner row are 2 inches from the top and the bot- 
tom edges of the channel and the third rivet is midway between. 
The two rivets in the outer row should be spaced equidistant 
from those on the inner row. The three short lines drawn 
across the section of the girder indicate the rivets in the 34-inch 
leg of the clip. The two upper rivets are spaced opposite to the 
two in the outer row, while the third is up 3 inches from the 
bottom of the girder flange. There are also two rivets indi- 
cated through the 33-inch flange at the bottom of the clip. 
These are in line with the rivet lines above. Now show the 
thickness of the deck plating by a solid heavy line and then 
draw the 6’X33”X.50” angle above, connecting the deck to 
the girder plate. 


76. The detail in the upper right-hand corner is to show 
the beam brackets attached to the frames and also the frame 
bracket above the deck when the frames are cut at the deck. 

In drawing this, first draw the 9-inch channel frame, as 
shown, with the heel 23 inches from the right-hand border of 
the plate, and the molded line of the deck intersecting the heel 
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of the frame at a point 2? inches below the top border line. 
Then draw in pencil the molded line of the deck so that it will 
meet the right-hand border line 2% inches down from the top. 
On this line draw the deck plating. The drawing is to be to a 
scale of # inch=1 foot. 

Dot in the 10-inch channel beam under the deck and then 
draw the bracket that supports it. Show the 34-inch stringer 
angle in section above the deck and then draw the top bracket 
with the dotted 33”*33”X.48” angle clip connecting it to the 
deck. This clip extends to within 1 inch of the toe of the’ 
stringer angle, this clearance being allowed for caulking the 
stringer angle. Draw the two lines of rivets connectine 
the brackets to the frames, one line 14 inches in from the 
edge of the bracket plate and the other 1] inches from the 
heel of the channel frame. The rivet line in the 34-inch angle 
isv2 mches from the heel of the angle. The lines of ‘rivets 
that attach the lower bracket to the beam are 14 inches down 
from the edge of the bracket plate and parallel to it and 1$ 
inches‘up from the bottom of the beam and parallel to the beam. 
The end rivets are in each case spaced 14 inches from the edge 
of the plate or shape, and the intermediate rivets are equally 
spaced as shown. Use a 13-inch circle to indicate the rivet 
heads. 


77. The other beam bracket to the left shows the type of 
connection used on a reverse beam, as at frame 40. The pro- 
cedure of drawing is similar to the beam bracket just described. 
The frame is located 6;'; inches from the right-hand border 
line and the molded line of the deck intersects the frame 

8 inches down from the top border line. Draw the deck line at 
the same angle as in the last detail. The procedure is similar 
to that used in drawing the other, except that the beam faces 
the same way as the frame and there is a 3-inch space between 
the frame and the end of the beam. The frame is shown con- 
tinuous and the stringer angle stapled. 


78. Now draw the table of Riveting Instructions. Make 
the top line 64 inches up from the base line and make it 4 
inches long. In other respects the procedure 1s similar to that 
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described for Plate 1053. The plate is then finished by putting 
on all dimensions and lettering as shown, together with the 
title and the number of the plate. 


PLATE 1055: TITLE, TRANSVERSE BULKHEAD 


79. A transverse bulkhead is a division wall extending 
across the ship and separating compartments. The principal 
‘ bulkheads are water-tight and extend to the uppermost con- 
tinuous deck or to the deck below that one. If there are 
intermediate decks they are continuous through the bulkhead. 
Likewise the inner bottom is continuous in way of—that is, 
under—bulkheads. Bulkheads are always located on a frame. 
Some vessels have longitudinal bulkheads. 

Bulkheads are made of plates and are stiffened by channel 
bars, bulb angles, or plain angles, that run vertically or hori- 
zontally about 30 inches apart. Bulkheads are attached to the 
shell, decks, and inner bottoms by single or double angles; if: 
single angles are used they are on the side opposite the 
stiffeners. These stiffeners are usually bracketed or otherwise 
attached to the decks and inner bottoms. Water-tight bulk- 
heads must be strong enough to withstand the pressure due to 
one adjacent compartment being filled with water to the height 
of the load water-line. All seams and butts and the edges of 
bounding bars must be caulked. Doors in water-tight bulk- 
heads must be water-tight. 

In the foreground of Fig. 13 is shown part of a transverse 
bulkhead similar in many respects to that to be drawn in 
Plate 1055. The stiffeners and the brackets to the deck both 
above and below are plainly seen, as well as the deck beams, 
deck plating, and general construction. 


80. To draw the bulkhead shown on Plate 1055 first draw 
the base line of the vessel 1{ inches (actual measurement) 
above the lower border of the plate, and the center line of the 
vessel $ inch from the left-hand border line. The drawing is 
to be made to a scale of + inch=1 foot. 

Lightly draw in pencil water-lines 2 feet apart, from a point 
2 feet above the base line to 26 feet above the base line. Draw 
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also a water-line 1 foot above the base line. Draw buttocks 
4 feet apart, from the center line to 20 feet from the center 
line. The layout of these lines is similar to the layout of the 
cross-section in Plate 1052 and in Fig. 2. Lay off the 6-inch 
half siding to the right of the center line. 


81. The accompanying Table of Offsets for Transverse 
Bulkhead will define the shape of this bulkhead. Note that 
the decks are here designated by letters. The half width of 
D deck is given in the table of water-lines but the height at 
which that half width is laid off is taken from the table of 
deck heights. The dimensions, as is the custom, are given in 
feet, inches, and eighths of an inch. 

TABLE OF OFFSETS FOR TRANSVERSE BULKHEAD 


W ATER- Har Deck HEIGHTS 
LINES WrptHs At Side At Center 

1% 12-6-6 F Deck 13-3-4 13-3-4 
Zz 16-7-0 E Deck 20-9-3 20-9-3 
4’ Z21=2-3 D Deck 28-34 28-6-2 
6’ 23-3—5 
8’ 24-7-0 

10’ 25-6-0) BurrocKs Heicuts 

We 20-2-0 4_0) Q- 2-1 

14’ 2027-5 8-0 Q= 3-6 

16’ 270-0 12-0 OF i= 2 

18’ Da) 16-0 I= 926 

2 VTE, 20-0 3— 3-6 

jae 27-9-6 

24’ 28-0-0 

26; 28-3-0 


IDIDYke AS=9=7/ 


82. Draw a light pencil line 4-0-0 above the base line. 
This is the molded line of the inner bottom. The outer face 
of the margin plate is its molded line, and the point where the 
molded line of the margin cuts the molded line of the inner 
bottom extended is the inner trace of the margin; the point 
where the molded line of the margin plate cuts the molded 
frame line is the outer trace of the margin. In this case the 
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outer trace is 15-O-O from the center line and the inner trace 
13-9-O from the center line. 


83. It will be seen from the Table of Offsets that F and 
E decks have no camber and that in the half beam 28—5-7 
of D deck there is only 28-6-2 less 28-3-4 equals 0-2-6 cam- 
ber. As a curve representing such a small camber is hardly 
distinguishable when drawn to the scale of this drawing, the 
deck line may in this case be drawn as a straight line parallel 
to the base line. If the scale were larger it would be per- 
missible to put in that deck line with a ship curve, making the 
tangent to the deck line at the center line of the vessel parallel 
to the base line. 


84. Having located the half breadths and buttock points 
according to the distances given in the table, draw by means 
of ship curves a fair line through them. This is the molded 
line of the side of the ship and is similar to the molded line of 
the midship section that was drawn in Plate 1052. Draw the 
molded margin line between the two traces; then the space 
within the D deck line, molded side line, margin line, and inner 
bottom is the extent of the bulkhead. 


85. Next locate, according to the accompanying Table of 
Offsets for Plating, the sight edges between the margin and 
D deck. The figures are for the projection of the sight edge 
on the molded frame line, the capital letters referring to the 


strakes. 
TABLE OF OFFSETS FOR PLATING 
Cee DISTANCE FRoM HEIGHT ABOVE 
CENTER LINE Base LINE 
Lower E 18-94 2 o> 
Upper E 23-3-0 5-10-7 
Upper F ~ 25-1-0 9— 0-5 
Lower H 13-10-35 
Upper H 18-10-4 
Lower K Pile OS 
Upper K 27— 5-0 


The terms upper and lower refer to the upper and lower 
edges of the strakes. Where upper and lower are used for the 
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same strakes, as in £, H, and K, an outside strake of an in-and- 
out system is designated. In the case of /, where only one 
sight edge is designated, the strake is a clinker strake, as illus- 
trated in Fig. 31, Ship Drafting, Part 1. The seams are all 
4 inches wide and are of course under the out strakes. 
Having located the sight edges, locate the seams and draw 
in place about 15 inches of each plate as a heavy line. 


86. The sight edges of the inner-bottom plates, beginning 
with that nearest the center line of the vessel, are distant from 
the center line as follows: 2 feet 6 inches, 8 feet 14 inches, and 
13 feet 1 inch. The center strake and margin seams are 

+ inches wide and the other seam is 24 inches wide. All 

seams are jogeled, the center-line strake being an in strake 
(as seen from the top), the next strake an out, the third a 
clinker, and the margin an in strake. 


87. The sight edges of F deck, beginning with that nearest 
the center line, are distant from the center line 3 feet 6 inches, 
10 feet 2 inches, 16 feet 2 inches, and 22 feet 9 inches, and all 
seams are 24 inches wide. The center strake is an out strake, 
the next a clinker, the next an in, next out, and the stringer 
is an in strake. Seams are all joggled. 

The sight edges of E deck, beginning with that nearest the 
center line, are distant from the center line 3 feet 6 inches, 
10 feet 2 inches, 16 feet 2 inches, and 23 feet 11 inches, all 
seams being 2$ inches wide. The strakes are the same as on 
I deck and seams are joggled. 


88. Draw the margin angle and stringer angles -with their 
heels on the molded frame line. Next draw the bounding 
bars, showing the joggle over all inner-bottom and deck seams. 
At the shell, the bounding bar is drawn with its heel on the 
molded line. The shell bounding bars when marked 34”X3” 
have the 33-inch flange to the shell and the 3-inch flange to the 
bulkhead ; {-inch rivets are used through the shell and 2-inch 
through the bulkhead. Show the 7-inch channel frame pro- 
jecting down through D deck. The inner flange is cut off, and 
from the deck to a point 2 feet 4 inches below, the web tapers 
from 7 inches wide to 3 inches, the same as the angle bounding 
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bar below. The angle bounding bar under D deck is joggled 
around the cut channel and is shown in heavy section at the 
corner. 

Frequently there is a web frame in the ‘tween-decks space 
over a bulkhead. Web frames consist of a plate from 1 to 
3 feet deep, are attached to the shell by an angle, and have a 
half-round or angle on the inner edge. 


89. In the previous Section, under the head of Details, it 
was explained that in the forward part of the ship the frame 
flanges toe aft and that in the after part they toe forward, and 
the same is true in regard to bulkhead bounding bars. There- 
fore, as the plate shows a view of a forward bulkhead as it 
appears to a person looking toward the bow, the bounding 
bars toe aft. Draw as a full line the bulkhead-plating sight 
edge extending outboard from the top of the inner-bottom 
plating, and 3 inches above it draw the landing edge dotted. 
Similarly, 4 feet 9$ inches above the inner bottom, draw the 
sight edge with the landing edge 2$ inches below it. These 
seains are joggled so that the stiffeners, which are on the for- 
ward side, may be flush against both the upper and the lower 
plates. 


90. Next locate the heels, or molded lines, of the stiffeners. 
One is on the center line and the others are located at the 
intervals shown on the plate. Note that the stiffeners on the 
outboard side of the door opening toe outboard and that 
the others toe inboard. All stiffeners except the two lower 
on the center line are indicated by three dotted lines as shown, 
the two lines near together representing the web of a channel 
or the outstanding flange of an angle and the one line repre- 
senting the other flange or flanges of the angle or channel. 
The sections to the right of this view show that below F deck 
the stiffeners are channels and that between D and FE decks 
angles are used. 

The center-line stiffeners between E deck and the inner 
bottom form the mast support and will be described later. 

In the section at the right of the main view it will be noted 
that the stiffeners between D and E decks and £ and F decks 
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have clips or angle lugs at top and bottom attaching them to 
the decks. In the main view show these angles in heavy dot 
lines on the side of the web of the channel stiffener and the 
outstanding flange of the angle stiffeners, except at the tops of 
the fourth stiffeners from the center line at D and E decks. At 
these points the stiffeners are supported by brackets to the 
longitudinal deck girders and therefore no angle lugs are 
necessary. 

At the heads of the channel stiffeners below F deck, except 
the fourth from the center line, and at the foot of all on the 
inner bottom, show, by heavy dotted lines, brackets 21 inches 
deep. These brackets are connected to the deck and to the 
inner bottom by clips, also shown in heavy dotted lines. The 
outboard stiffener below F deck, being short, is not so heavy 
or strong as the others, being a 6”*33”X.44” angle with an 
angle lug at the top and no connection at the bottom. This 
stiffener extends downwards from F deck to a point 1 foot 
8 inches above the molded side line. Other hold stiffeners, or 
those between /* deck and the inner bottom, end at the bound- 
ing bar. 

The three stiffeners inboard of the short outboard one just 
mentioned are connected to the shell at their bottoms by 
flanged brackets toeing inboard to avoid closed bevels. These 
brackets are shown in heavy dotted lines. Note that the angle 
clips on the lower-hold stiffener brackets at the top of the sev- 
enth and bottom of the first stiffener from. the center are 
reversed, or toe inboard. This is done to clear the adjacent 
seam in the plating, the brackets being so located that the seam 
rivets could not take the bracket clips. Where there is noth- 
ing to prevent, however, as at the head of the second stiffener 
from the shell, under E deck, the seam rivets extend clear 
through and hold the lug. 

Indicate the single-riveted, vertical lap butts in the two 
lower courses of plating. These laps are 3 inches wide and the 
landing edges are on line with the toes of the channels. By 
so locating butts on stiffeners, a line of rivets is saved, the 
stiffener rivets are closer spaced to conform to the water-tight 
requirements. 
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91. Between E and F decks, locate 24-inch single-riveted 
butt laps on the second and fifth stiffeners from the center and 
on the outboard stiffener. Similarly locate vertical lap butts 
2? inches wide between D and E decks. The inner plates 
extend to the toe of the stiffener flange and the laps are 
measured from this point. In the case of the 6”X2.81” chan- 
nels, the outgauge of the rivet line in the flange of the stiffener 
will allow of the standard width of lap. In the upper ’tween- 
decks space (spaces between decks are called ’tween-decks) the 
stiffener flanges are 34 inches wide and the outgauge is 1% 
inches from the heel. This leaves 12 inches from the toe, and 
as the center of the rivets must not be nearer the edge of the 
plate than one and one-half diameters, the width of the lap 
will be 18+ (14X2)=23 inches, #-inch rivets being used. 

The bulkhead plates in the ’tween-decks spaces are not 
joggled. At the plate butt, the outer plate is set or sprung 
back and a wedge filler, similar to that at h and 7 in Fig. 30, 
Ship Drafting, Part 1, is inserted between this outer plate and 
the bounding angle, which is straight. 


92. Eight inches above the top of F deck beams and 
4 inches above the top of E deck beam and parallel to the 
base line, draw full lines between the stiffeners at the water- 
tight doors. These lines represent the heel of a 6”X33”X.44” 
angle on the far side of the bulkhead having the short flange 
against the bulkhead. At a distance of 5 feet 6 inches above 
these angles draw similar angles parallel to the base line and 
toeing upwards. Between these horizontal angles the heels 
of the vertical stiffeners forming the sides of the door open- 
ings should be solid, as there being no covering shown over 
the doors all sides can be seen. The heels of these stiffeners 
are also sight edges. 

At the corners of the doors draw in heavy section the 
3’ X3/X.36” angle clips; then draw the two dotted lines that 
complete the view of each horizontal angle. Above and below 
each door is a horizontal plate lapping 3 inches on the plates 
at the sides of the doors, which come flush to the heel of the 
6” X34” channel stiffeners. With the center line of the }-inch 
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rivets 14 inches from the plate edge, a 1{-inch outgauge on the 
channels is allowed. 


93. In line with the fourth stiffener from the center line 
and at each deck, is a girder under the deck beams. The 
brackets connecting this girder to the bulkhead are shown as 
heavy lines extending down 27 inches from the molded deck 
line. The inboard faces of these brackets coincide with the 
outboard face of the web of these stiffeners. On each side of 
the brackets are 33” angle clips extending from the lower 
edge to about an inch below the toe of the bulkhead bounding 
angle. As these would be detailed on the girder drawing their 
size is not given here. 

Extend the bulkhead plates and bounding angles a little to 
the left of the center line and show the breaks. 


94. On the molded frame line at a point 6 feet 54 inches 
above the base is the molded line, or heel, of the bilge stringer 
angle, though the angle is not shown here. Mark this point, 
as from it is to be drawn the bracket connecting the bilge 
stringer to the bulkhead. The position of this bracket is 
determined by first locating a point 25 feet 8 inches above the 
base line at the center line of the ship and drawing a light line 
connecting this point with the point just marked on the bilge. 
On this line the bilge bracket is drawn as a heavy line extend- 
ing 3 feet inboard from the shell. On the under side of the 
bracket, show a 3’X3” angle extending from the inner edge 
of the bracket to within an inch of the bounding angle. The 
bracket would be detailed on the stringer drawing and there- 
fore is not shown in detail here. This bracket is usually nearly 
perpendicular to the shell plating. 


95. The bilge ceiling and the cargo battens are supported 
by 24’ X23” X.30” angles on each side of the bulkhead. The 
line of the bilge ceiling is from the intersection of the margin 
and tank-top molded lines to a point on the molded frame line 
6 feet 54 inches above the base line. Draw this line in light 
pencil. The heels of the angle supports for the bilge ceiling 
are on this line. The angles are 4 feet 6 inches long and the 
inboard ends are 2 feet 8 inches from the intersection of the 
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margin and the tank-top molded lines. Draw the angle on the 
near side of the buikhead in full lines and note with dots that 
the angle on the far side is cut for the channel bulkhead 
stiffener, 

The cargo-batten supports are 24” X24” .30” double angles 
parallel to the molded side line, and in the ‘tween-decks 
spaces they are 9 inches, or the depth of the frames, from the 
molded lines. In the hold, or space between F deck and the 
inner bottom, the angle toes inboard and as the face or inside 
of the outstanding flange is 9 inches from the molded line, the 
dimension to the heel is 8$ inches. The angles extend from 
the lower bounding bar or from the bilge stringer bracket to 
2 feet 4 inches below the deck above. The reason for revers- 
ing the hold angle is to make it possible to caulk the toe of the 
5”’X5” bounding angle. The angles are marked double on 
account of their being on both sides of the bulkhead. 


96. The two figures at the right of the main view are sec- 
tions through the bulkhead. The first, or left-hand, one is a 
general section showing the ordinary stiffeners, and the right- 
hand section shows the web support for the mast. 

At a distance of 8} inches from the right-hand border line 
draw a light vertical line in pencil to represent the molded line 
of the bulkhead, and from the elevation drawing project over 
to this view the inner-bottom plate. This sectional view will 
be drawn to a 4-inch scale and the plate and stiffeners are to 
be shown broken off between the end connections of the stiff- 
eners to the decks and inner bottom. Project over the deck 
plating and draw it in heavy lines. Show the floor and the 
reverse frame below the inner bottom, and show also the end 
section of the 9” X34” channel deck beam at F deck 30 inches 
forward of the bulkhead. Between D and £ decks and 
between E and F decks draw the stiffeners of the sizes indi- 
cated and extending from deck plate to deck plate. In the 
hold, below F deck, the stiffeners extend only to the toes of 
the upper and the lower bounding angles. At the top and bot- 
tom otf the upper stiffener show the 3”X3’”X.36” angle clips 
to the deck plating. The gauge line for the rivets is 1} inches 
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from the heel, and the rivets, which are 3-inch, are 1} inches 
from the ends. The clips are 52 inches long, one end being 
flush with the toe of the 6”*33”X.44” angle stiffener. 


97. The 6”X2.81” channel stiffeners in the lower ’tween- 
decks are connected to the E-deck plates by 5’*5’X.44” 
angles, 58 inches long. The top row of rivets is outgauged 
12 inches from the heels and the lower rivet 32 inches. Rivets 
in the top row are 12 inches from the ends of the angle and 
the lower rivet is equidistant from the two end rivets. At the 
foot of the 6’X2.81” channel stiffeners there is a 5’ X3”X.36” 
angle clip extending 3$ inches to the right of the channel and 
52 inches to the left of the right-hand edge. The rivets 
through the stiffener are the same as for the clip at the top of 
this stiffener. The vertical leg of the clip is cut off diagonally, 
the flange to the deck being made longer to get a rivet farther 
from the bulkhead plate. 


98. The brackets at the head and feet of the hold stiffeners 
extend 21 inches from the deck and from the inner bottom, 
and lap on the stiffener 54 inches. They are 20 inches long. 
The angle connecting the bracket to F deck extends from the 
left-hand edge of the bracket to the deck beam forward, to 
which it is attached by a 3’X3”X.44” angle clip with a rivet in 
the center of each leg outgauged 1% inches from the heel. The 
lower bracket is connected to the inner bottom by a 3X3” 
x.44” angle that extends from the left end of the bracket to 
the heel of the reverse frame on the nearest floor forward. 
Rivets are located 14 inches from each end of the bracket and 
three equally spaced rivets are located between. Rivets in the 
stiffeners are gauged 1{ inches from the heel; the end rivets 
in the right-hand row are 1$ inches from the ends of the 
bracket or channel and one is located between. The two rivets 
in the left-hand row are equidistant from the others. 


99. For the mast support, draw a light vertical pencil line 
5;'g inches from the right-hand border. Project over the inner- 
bottom plating and F and F deck plating as heavy lines. Draw 
the bulkhead plating as a heavy line in line with the pencil line 
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just mentioned. Draw the bounding bars in heavy section at 
the inner bottom and at E and F decks. Also draw in F deck 
beam 30 inches to the left of, or aft of, the bulkhead. At E 
deck, 18 inches to the left of, or aft of, the transverse bulk- 
head, locate a point representing the center line of the mast, 
which is 24 inches in diameter and has a slope aft of 4 inch 
per foot. Through the center of the mast at E deck, draw in 
pencil a line perpendicular to the base line. Six feet above 
FE deck, locate a point 3 inches to the left of this line. The 
center line of the mast can be drawn in pencil through this 
point and the center point of the mast at E deck. Show the 
mast extending above F deck as indicated and broken at the 
upper end. 

The mast sides will be shown as full lines parallel to the 
center line of the mast. Show the 33”X33” bounding angle 
encircling the foot of the mast at the deck. 

Between the inner bottom and F deck there is a .50-inch 
web plate 18 inches wide and having the top and bottom 
coriers at the bulkhead cut diagonally to clear the 5”X5” 
bulkhead bounding angles. Between these cuts show dotted 
the 3’X3”.44” connecting angle to the bulkhead. Show the 
3” X3”&.44” angles at the bottom and top; these angles are 
single and are on the near side only. 

Between F and E decks the web increases from 18 inches 
wide at F deck to 26 inches at E deck. At the beam, the 
plating is extended to the left into the bosom of the chan- 
nel, and connection is made by means of the 3”X3”’X.44” 
angle joggled around the top of the channel beam. Show 
dotted the 3” 3” X.44” angle connecting the web to the bulk- 
head plate. Also show the angle at the bottom of the web at 
F deck. Show the corner cuts in the plate. 

From the lower flange of E deck-beam, downwards, the out- 
standing edge of the web plate has a S-inch half round on 
each side. Show the one on the near side cut at the connect- 
ing angles and extending between them. The half round on 
the far side, as indicated by the dots, extends to the plating 
of the deck and the inner bettom, being cut, of course, at 


F deck. 
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100. Next put on all the lettering, add the Riveting 
Instructions, as shown, in the same manner as described for 
previous plates, and finish by putting on the title and number 
of the plate. 


DESCRIPTION OF CARGO BOOM AND RIGGING 


101. Plates 1056 and 1057, which are to be drawn next, 
show drawings of a cargo boom and rigging details, and as 
the details are parts of the one piece of apparatus they are all 
listed and numbered together in Plate 1057. Before taking 
up the drawing of them, a description of the purpose and use 
of the various parts will be given. In this description refer- 
ences will be made to the various numbered pieces that are 
shown on one or the other of the plates. The drawing of each 
plate will, however, be described separately. 


102. Practically all general-cargo ships are equipped with 
some sort of gear for handling cargo between docks and the 
ship’s cargo spaces. Some vessels built for special trade, as 
for carrying coal or ore, depend on shore facilities for loading 
and unloading. In such cases the appliances are of a special 
kind and usually complicated and expensive, as great rapidity 
is frequently attained. With ore-unloading facilities as found 
at some of the Great Lakes ports, 10,000 tons may be removed 
from one ship in about 10 hours. This machinery is too heavy 
and too expensive to install on a single ship, as it would be 
used only once on a voyage, whereas on shore it suffices for 
several vessels and may be used as fast as vessels arrive and 
discharge. The same applies to the loading facilities at the 
loading port. 

The general cargo carrier, however, does not have its cargo 
handled so fast, and as its load is of various kinds and the ship 
must be loaded and unloaded at many different ports, it is 
absolutely essential that it carry its own cargo-handling gear. 
The gear usually adopted consists of cargo booms, or der- 
ricks, on the mast; these are so arranged that they can swing 
over the hatches, or deck openings through which the cargo is 
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raised from or lowered to the cargo spaces, and can also swing 
over the ship’s side so that cargo can be handled to or from 
the dock or lighters that may be tied alongside. This gear is 
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illustrated in Fig. 14, which shows in a diagrammatical way 
the method of handling a load from the vessel’s hold to the 


dock. 
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108. Cargo boom No. 1 is located over the hatch and 
No. 2 is swung out over the dock. They are held up by wire- 
rope topping lifts and manila topping-lift tackles, thus ena- 
bling the booms to be raised and lowered. The booms are kept 
from swinging by two vangs, or guys, to each boom, which are 
made fast at two fairly well separated places on the deck. 
Thus, the upper or free end of the boom is the apex of a tri- 
angle and cannot move. 

The cargo hoists in their simplest forms have single wire 
or manila ropes running over single blocks to the hoisting winch 
located on the upper deck, so that the operator has a view 
down the hatch. For lifting more than 23 or 3 tons, the num- 
ber of parts of this hoist are increased by the use of double 
or treble blocks. Ships are sometimes provided with special 
booms for lifting heavy loads up to about 50 tons and special 
heavy gear is provided. As this is seldom used, it is usually 
stowed instead of carried in the working position where it is 
exposed to the weather. 


104. In the case illustrated in Fig. 14, both hoisting ropes 
are attached to the load in the hold of the ship and both 
winches begin hoisting together, the starboard winch, which is 
attached to hoist No. 1, doing most of the work in the begin- 
ning, the port winch attached to hoist No. 2 merely taking up 
the slack of its hoisting rope. When the load is raised clear 
of the hatch, the weight is gradually taken up by hoist No. 2, 
till the load is held in position No. 2 and is carried jointly by 
the two booms. Gradually hoist rope No. 2 is hauled in and 
hoist rope No. 1 is let out until the load is carried entirely by 
No. 2 and hangs directly over the dock. When lowered on 
the dock, as in position No. 3, hoist rope No. 1 is slack. The 
winches are so arranged that one operator controls the entire 
handling. 


105. In the following description the various parts are 
identified by the piece numbers given in the material list on 
Plate 1057, each view being numbered accordingly on the 
plates. Cargo booms are made of wood, steel tubing, or steel 
plate rolled to a circular section. The boom, piece 1, which is 
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drawn on Plate 1057, is of tubing. At its inner, or fixed, end 
there is a gooseneck casting, piece 2, projecting into and 
riveted to the boom, and whose eye is attached to a swivel, 
piece 4, by the swivel pin, piece 6. The swivel is really a 
forked pin having a large shoulder and setting in the boom 
table. The boom swings vertically on the swivel pin and the 
boom and pin swing horizontally by the swivel turning in its 
seat. The swivel pin is kept in place by the locking pin, 
piece 7, in the ;%-inch-diameter hole. Split pins, piece 8, in 
each end of the locking pin prevent it from falling out. The 
bearing surfaces of the swivel should be large enough so that 
the frictional resistance will not be excessive. 

At the upper end of the boom is the cap, piece 3, which 
simply closes the end. 


106. The topping lift is attached to the boom by means of 
a band, piece 9. A shackle, piece 14, which is like a link of a 
chain with one end of the link portable so that another link 
can be fastened in it, is attached to the end’of the wire-rope 
topping lift. The shackle pin, or portable end, piece 15, passes 
through the 1,%,-inch-diameter hole in the lug on the top side 
of piece 9. This lug when Secured in place will be on the 
upper side of the boom. The band is heated and put over 
the end of the boom down to its proper position, 205 inches 
from the end. As it cools, it shrinks and grips the boom. To 
prevent any possible turning, it is also held by four {-inch tap 
rivets. The link, piece 10, forged into the eye at the under 
side of the band, takes a shackle on the cargo-hoist block. A 
second band, piece 12, 4 feet 14 inches below the first, has a 
lug and link for securing any additional arrangement of top- 
ping lift and cargo hoist that may be required when heavier 
loads are to be handled. The boom guys are attached by 
means of shackles to the links, piece 11, one on each side of 
the upper band, piece 9. 

The cleat, piece 17, is used to secure the free end of a rope, 
as that of the topping-lift tackle, shown in Fig. 14. 


68 SHIP DRAFTING § 16 


PLATE 1056: TITLE, RIGGING DETAILS 


107. Plate 1056 contains details of the two boom bands, a 
shackle, shackle pin, gooseneck swivel, and swivel pin, men- 
tioned in the preceding description. The first view to be drawn 
on this plate is a front elevation ot a shackle, shackle pin, and 
nut, pieces 14, 15, and 16, and a side elevation of the shackle. 
The scale of this plate is to be 3 inches=1 foot. 

Draw first the shackle and shackle pin. The axis of the pin 
is parallel to and 14 inches actual distance, from the top 
border. The vertical center line of the front elevation is 
parallel to and 3 inches from the left-hand border, and the 
center line of the side elevation is 42 inches from the left-hand 
border. In the front elevation, first locate the sides of the 
opening in the shackle; this opening’ is 1;°; inches wide and the 
sides are distant 23 inch each side of the center line. Locate 
the outer sides of the shackle head; these are # inch from the 
inner sides. Locate the outer face of the nut, piece 16, 1 inch 
deep, the end of the parallel part of the shackle pin 4} inches 
from the outer face of the right-hand side of the shackle, and 
the top or’ outer face of the shackle-pin head, $ inch thick. 
From the table of sizes of bolts (given in Mechanical Draw- 
ing) it is seen that the diameter of the circumscribing circle , 
for a hexagon nut for a 13-inch bolt is 2? inches. Draw the 
nut in the conventional way. Then draw the front elevation 
of the sides of the shackle extending from the bottom of the 
nut to the top; as the head of the shackle is 34 inches in 
diameter, its sides extend 12 inches above the center line of the 
shackle pin. Connect the top of each pair of these lines. 
Extend the inside lines of the shackle side to 2? inches below 
the center line of the pin; the outside lines extend, as 
before mentioned, 12 inches below the center line vf the 
pin. The bottom of the shackle is of circular cross-section 
1} inches in diameter and has a circular opening 22 inches in 
diameter. Draw in pencil the outside and inside, making com- 
plete circles 53 inches and 22 inches in diameter, the lowest 
point of the outside being 74 inches below the center line of the 
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pin. Connect the inside circle and the inside straight side of 
the shackle head with an arc of a circle of 32-inch radius and 
tangent to both. Similarly, connect the outside circle and 
straight sides by arcs of 23-inch radius. By straight dotted 
lines in the two sides of the head, show the hole 1,9; inches in 
diameter. 

Draw the shackle pin, piece 15, dotted through the shackle 
head and nut and full elsewhere. This is 14 inches in diameter 
from under the head to 3g inch beyond the nut; the rounded 
end beyond this is drawn with an arc of a circle of 14-inch 
radius having its center on the center line of the pin. Draw 
the head of the pin 2 inches in diameter and having its outer 
edge rounded freehand. 

The side elevation is drawn by first making a circle 15°; inches 
in diameter, to represent the shackle-pin hole, and another 

+ inches in diameter for the outside of the head. Draw a 
circle at the bottom 13 inches in diameter, the lower half full 
and the upper half dotted, with its lowest point 74 inches 
belcw the center line of the pin. Draw straight vertical lines 
tangent to the sides of this circle, and connect these to the 
34-inch-diameter circle by ares of circles of 13-inch radius and 
tangent to both. 


108. On, this drawing, the. radii of the different arcs are 
given, as would be necessary for making the dies if the pieces 
were to be drop forged. Where pieces are to be hand forged 
and the exact shape of the particular part is not essential, it 
is not customary to put on the radii of all the arcs; and where 
such radii are not given it will be understood that the drawing 
indicates the general shape only, and that the blacksmith need 
not adhere strictly to any set dimensions, as such exactness 
would be difficult and unnecessary. 


109. Next draw the outer boom band, piece 9, with its 
horizontal axis 34 inches, actual distance, from the top border. 
The vertical axis of the front elevation is 44 inches from the 


right-hand border and the vertical axis of the sectional side 
elevation is 7} inches. 
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With the intersection of the horizontal and the right-hand 
vertical axes as a center, draw circles 12? inches and 10? inches 
in diameter. The inner circle is complete, but the outer one is 
discontinued in way of the lug at the top and of the eye at the 
bottom. Locate the centers of the four {-inch tap rivets on 
the outer circle 4 inches from the vertical axis. Draw the 
axes of these rivets as parts of radii of the circles and draw 
the cylindrical part of each hole $ inch in diameter for the 
inner half-depth of the band. Show the shoulder of the 
countersink perpendicular to the axis, and draw the counter- 
sink making an angle of 30° with the axis. All the above- 
mentioned lines should be dotted. 

At the top, draw the lug extending to 5 inches above the 
inner circle—see dimensions in the end elevation. This lug 
is 14 inches thick and is connected to the outside of the band, 
or the outer circle, by fillets of $-inch radius. Show the hole 
in the lug 1,;% inches in diameter and having its center 3} 
inches from the inside of the band. 

At a distance of 24 inches each side of the left-hand vertical 
axis, draw straight lines parallel to this axis to represent the 
sides of the band. Between these lines, both above and below 
the horizontal axis draw parallel lines at distances of 5% and 

# inches from it to indicate the inside and the outside diame- 
ters of the band. The lines indicating the outside diameter 
are then connected to the sides with fillets of $-inch radii. 
When the part between the vertical lines and each pair of 
horizontal lines is cross-hatched to represent cast steel, a 
typical, or conventional, section through the band is shown. 
Strictly speaking, a section at the top and bottom would 
include the lug and eye, but the way adopted is the con- 
ventional method g’enerally used. The distinction between a 
lug and an eye is that the sides of the lug are flat sur- 
faces and thus any hole through it will be cylindrical; 
whereas, an eye can be likened to a wire of large diameter 
formed into a ring and welded to the main part, as at the 
lower part of the boom band in this case. Such a ring may 
be set off from the band some distance and the space between 
may be solid metal. 
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Next, project over the rivet holes on the center of the band 
and show these as ellipses. The top lug is tapered, terminating 
in an are of 1}-inch radius having its center at the center of 
the hole, which in turn is 34 inches from the inner side of the 
band. This hole, 1,% inches in diameter, is for the topping- 
lift shackle pin, piece 15. The sides of the lug are tangent to 
the 3-inch-radius rounded edges of the band and to the 13-inch- 
radius are that forms the end of the lug. 


110. At the bottom of the band is an eye that takes the 
block for the cargo hoist. This eye has its center 3 inches 
from the inside of the band and has a 22-inch outside radius. 
The outside of the eye is connected to the band by an arc of 
2-inch radius tangent to the edges of the band. The hole in 
the eye is 2 inches in diameter. In the front elevation this is 
shown by two parallel lines 4% inch each side of the axis and 
connected to the outside of the band by fillets of $-inch radius. 
From dimensions on the side elevation, locate the lowest 
part of the eye 53 inches from the inside of the band, and 
through this point draw a circle 13 inches in diameter with its 
center on the axis. The bottom half of the circle is full and 
forms the lower part of the projection of the eye. The top 
part of the circle is dotted and represents the inside of the eye. 
Two inches above this circle is the bottom of a dotted arc 

5 inches in diameter and having its center on the axis. The 
lower circle, half full and half dotted, and the upper dotted 
arc, show that the sides of the 2-inch-diameter hole are 
rounded. 

In this eye is welded a link, spiece 10, which is 8 inches 
long and 5 inches wide, but which cannot be shown, full length 
on the plate on account of lack of space. The lowest part of 
the link is 23 inches (actual distance) below the inside of the 
band. This link has a wire diameter of 13 inches. By wire 
diameter is meant the diameter of the rod of which the link 
is made. With the center on the axis and 1 inch, to scale, 
below the lower inside of the eye, draw a half circle of 1-inch 
radius. With the same center, draw the outside of the link 
with a 24-inch radius. These arcs will be dotted behind the 
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eye. Draw the lower part of the link with arcs of the same 
radii as those of the upper part, making the center on the axis 
and 24 inches, to scale, above the lowest point of the link. 
Draw the inside and the outside of the link tangent to the small 
and large arcs, but broken as shown. Project this link onto 
the end elevation by drawing two circles 1§ inches in diameter 
—the diameter of the link wire—one tangent to the lowest 
inside point of the eye and the other through the lowest point 
of the link, 22 inches (actual distance) below the inside of 
the band. The centers of the circles are on the vertical axis. 
Draw vertical lines tangent to the circles and show the break 
as in the front elevation. The eye is dotted behind the link 
and the inner part of the link is dotted where hidden by the 
outer part. 


4411. Situated 34 inches below the horizontal axis, with 
their axes extending out radially through points‘on the outside 
of the band, are two eyes with links, pieces 11, welded into 
them. These links take the boom guys, one being carried for- 
ward and the other aft of the boom to keep it from swinging. 
Although of different dimensions, these eyes and links are 
drawn in the same manner as the cargo-hoist eye and link just 
described. The necessary dimensions are given on the plate. 

The section of the band and the end view of the link are 
drawn at the right of the front elevation. The axis is 1} inches, 
actual distance, from, and parallel to, the radial axis in the 
main view. The cross-hatched portion is 5 inches wide, the 
width of the band, and is centered on the axis. This section 
is 1 inch thick, and is of the same dimensions as that on the 
front sectional elevation. The inside of the band, or the left- 
hand edge of the section, is on a line perpendicular to the radia’ 
axis of the eye in the main view and extending through the 
intersection of this radial axis and the inside of the band. 
When these two links and the sectional view are drawn the 
sketch of the outer boom band is completed. 


112. The inner boom band, piece 12, and the link, 
piece 18, are similar to the band already drawn, and are 
shown in front and side elevation in a like manner. The 


we 
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vertical axis is 6 inches from the right-hand border. The hori- 
zontal axes are 22 inches and 4% inches above the lower border. 
On the boom, the band is mounted with the lug on the top and 
the eye and link on the bottom. In drawing it is neces- 
sary on account of space to draw the band turned quarter 
way around. 


115. The next detail to be drawn is that of the swivel and 
swivel pin. A front elevation, a side elevation, and a plan of 
the swivel are shown, and a side elevation of the swivel pin. 
The side elevation of the swivel includes some of the structural 
part of the boom table. 

At a point 775 inches, actual measurement, from the left- 
hand border, draw the vertical molded line of the 34’X3i” 
X¥’ angles. Draw the two angles with the top of the hori- 
zontal flanges 14 inches and 44 inches above the lower border. 
The radius of the toe and the bosom is $ inch. 

Then, extending downwards from the heel of the top angle 
to a point $ inch from the lower border, draw a plate 3%; inch 
thick, to scale, broken off at the lower end; on top of the upper 
angle draw a plate $ inch thick extending about 13 inches to 
the left from the heel of the angle and on top of the lower angle 
a similar plate extending about 11 inches to the left. Show the 
ends broken. On top of the upper plate is a doubling plate 
* inch thick and 12 inches wide, its right edge flush with the 
heel of the angle. With their centers 6 inches from the heels 
of the angles are holes 3,°; inches in diameter cut in all three 
plates. The top of the upper hole is rounded off with an arc 
of 4-inch radius. As the structural work is only shown to 
give the relation of other parts to it, it is not shown cross- 
hatched and is not dimensioned. Behind the swivel the plates 
are dotted. 


414. Draw the vertical axis of the swivel, piece 4, for the 
side elevation, 6 inches, to scale, to the left of the heel of the 
angle. The shank of this swivel is 3} inches in diameter 
extending down 13% inches from the shoulder, which is at the 
top of the upper plates. This shank is connected to the 
shoulder, or head, by a fillet of 3-inch radius. Below the 
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34-inch diameter is a threaded portion of the swivel 1% inches 
long and 24 inches in diameter, and below this the end of the 
swivel is rounded off with an arc of 24-inch radius, the center 
of course being on the center line of the swivel. The threading 
' stops $ inch short of the shoulder. This is best shown in the 
front elevation described later. 

The nut, piece 5, securing the swivel in the boom table is 
not standard, being 14 inches deep and 4% inches over-all 
diameter, instead of 41% inches as shown in the table of bolt 
sizes for a 24-inch diameter bolt. The nut, however, is drawn 
in the conventional way. The split pin, piece 8, keeps the nut 
from backing off. 

It will be seen that the swivel has a ;g-inch clearance in the 
holes and that it has an allowance of 4 inch for possible vertical 
motions, as the distance between the top of the {-inch doubling 
plate and the bottom of the lower $-inch plate is 134 inches. 

The shoulder above the shank is 84 inches in diameter (see 
plan above the front elevation) and 1} inches thick. The 
edges are rounded off with a $-inch radius. Draw the eleva- 
tion of this shoulder. With the center 7 inches above the 
_ bottom of the shoulder and on the center line, draw a semi- 
circle with a radius of 3 inches. Draw tangents to this semi- 
circle parallel to the axis and connect them to the top of the 
shoulder by fillets of $-inch radii. Draw a dotted line parallel 
to and 3 inches above the bottom of the shoulder, connecting 
this to the vertical lines by arcs of 2-inch radii. This view now 
shows the side of the cheeks supporting the swivel pin, and the 
bottom of the slot between the two cheeks in which the end of 
the gooseneck, piece 2, turns up and down. With the same 
center as that of the arc, draw a circle 2;% inches in diameter 
which is the end elevation of the hole through which the swivel 
pin, piece 6, supporting piece 2, passes. 

115. Draw a center line for the front elevation 2,3; inches 
(actual measurement) from the left-hand border. The eleva- 
tion of the shank is the same as before and the threaded pro- 
jection is shown without the nut, the number of threads being 
four to the inch, The lower end is also rounded off in the 


$ 16 SHIP DRAFTING 75 


same way as in the other view. Draw the elevation of the 
shoulder the same as in the side elevation. Project the top 
and center lines from the other view. Locate the inside surfaces 
of the cheeks 212 inches apart equally distant from the axis; 
that is, 133 inches each side. The cheeks are 12 inches wide. 
The bottom of the slot between the cheeks is 3 inches above 
the shoulder. Draw the vertical lines from the top 143 inches 
each side of the axis and show the fillet of $-inch radius con- 
necting the sides and bottom. Draw the top an the outer faces 
of the cheeks vertical and connecting to the top of the shoulder 
by fillets of $-inch radii. By dotted lines show the 2,%-inch- 
diameter holes in the two cheeks. 


116. For the plan view, draw the transverse axis of the 
swivel 8;'g inches above the lower border. Draw the longi- 
tudinal axis of the swivel in line with the vertical axis below. 
With the intersection of these axes as a center, draw a circle 
83 inches in diameter, to scale, representing the shoulder which 
rests on the top plates of the boom table. Another circle 
34 inches in diameter and dotted represents the shank. The 
cheeks are shown 6 inches wide extending equally each side of 
the transverse axis (above and below in this drawing). They 
are 12 inches thick and 242 inches apart, being 143 inches each 
side of the longitudinal axis. Show the swivel-pin holes 
dotted. The full lines connecting the ends of the two cheeks 
show the bottom of the slot between. 


4117. In line with the transverse axis of the swivel in the 
plan view, draw the center line of the swivel pin, piece 6. 
Locate the end of the pin 44% inches from the border. Draw 
the pin 642 inches long, to scale, and its head 1 inch long and 
34 inches in diameter. In a case of this sort where the object 
is round, one view with dimensions marked diameter is sufh- 
cient. Draw the locking pin, piece 7, $ inch in diameter, in 
the °;-inch-diameter hole whose center is } inch from the end. 
As the difference in diameter is only ;/¢ inch, the lines should 
be separated a greater distance to avoid confusion. The lock- 
ing en is 32 inches long, and has a hole for a 7%¢-inch split 
pin 3; inch from each end. The top of the split pin will rest on 
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the swivel pin, so the top will be .%; inch+ one-half the diam- 


6 


2 


eter of the split pin, or $3 inch, above the top side of the 
swivel pin. 

The washer, piece 18, is to take the wear due to the tendency 
of the swivel pin to turn in the swivel as the boom is raised 
or lowered. This washer is shown only in this view and is 
drawn with the left side 1415 inches from the end of the swivel 
pin. The washer is } inch thick and 35 inches outside diam- 
eter. The inside diameter is 2,9; inches. The swivel pin is to 
be shown dotted in way of the washer. 

The schedule of material, or the material list, for all the 
rigging details shown on Plates 1056 and 1057 is given on 
Plate 1057. This plate is to be finished by putting on all letter- 
ing, dimensions, etc., together with the title and number of the 
plate, in the usual manner. 


PLATE 1057: TITLE, CARGO BOOM AND 
FITTINGS 


118. On Plate 1057 first draw the cast-iron boom cap, 
piece 8. This is the piece that goes on the outer end of the 
boom, and is to be shown in plan and sectional elevation. 

Locate the vertical axis 2+ inches from the left-hand border 
and the horizontal axis for the plan view 5{ inches below the 
top border. Draw the bottom of the sectional view of the cap 
33 inches below the top border. Draw this cap 10 inches diame- 
ter, to scale, 5 inches each side the vertical axis. The cylin- 
drical part which fits inside the tubular boom is 2$ inches 
deep and 3 inch thick. The 10-inch diameter is approximate 
because this part will be turned down to fit the exact inside 
of the boom. At the top of this cylinder is a shoulder that 
covers the end of the boom. This shoulder is 10% inches in 
diameter, having %-inch overhang on each side. The top of the 
cap is 1} inches above the under side of the shoulder and 
has a spherical form of 22-inch radius, the center being on 
the axis of the cap. This top tapers to the side of the 
shoulder by an are of #-inch radius tangent to the are of 
22-inch radius. The top is 2 inch thick, except near the sides, 
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where it merges into the sides by an arc of 4-inch radius 
tangent to both. Distant 14 inches above the bottom are four 
g-inch tap rivets, three of which are shown. The section 
should be cross-hatched to represent cast iron. 


119. Next draw the plan, which in this case is a bottom 
view. With the intersection of the two axes as a center, 


Pre i5 (0) 


draw circles having diameters of 8} inches, 10 inches, 
and 10% inches. The first represents the inside of the 
cylindrical part, the second the outside, and the last the 
edge of the shoulder, which comes flush with the outside 
of the tubular boom. Locate the four 3-inch taps on the 
axes, showing them by parallel dotted lines 3 inch apart. The 
outsides of the cylinder and the shoulder are file finished, 
which is to be indicated on the section by the letters f f. 


120. Next draw the three views of the gooseneck, piece 2, 
which consists of a plan, sectional elevation, and a cross-section 


154—29 
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to a scale of 3 inches=1 foot. Fig. 15 illustrates clearly how 
the various points in the different views are projected. Locate 
on the plate the horizontal center lines 4,3; and 74% inches, 
actual distance, respectively, from the top border. Also locate 
the two vertical center lines at distances of 12 and 11 inches, 
respectively, from the right-hand border. 

At a distance of 6 inches, to scale, to the left of the center 
line through the hole in the lug, draw the shoulder, which: sets 
up against the tubular boom. 

This shoulder is 10% inches in diameter and 14 inches thick, 
and the outer edge is rounded with a 4-inch radius, and being 
cylindrical it will have the same shape in the elevation. In the 
sectional elevation the lug for the swivel pin terminates 
in an are of 2{-inch radius, and the sides of the lug are drawn 
tangent to this arc and extending toward points 34 inches each 
side of the center line at the shoulder, as the points a and b in 
Fig. 15. The sides of the lug are connected to the shoulder 
by fillets of 14-inch radius. 

In the plan view, draw the sides of the lug consisting of two 
lines parallel to and 12 inches each side’of the horizontal cen- 
ter line and connected to the shoulder by fillets of 1$-inch 
radius. 

Draw the swivel-pin hole, to take piece 6, making it of a 
diameter of 2,% inches, which allows ;-inch clearance for the 
swivel pin. 

The elevation is to be shown mostly in section, except that 
part containing the lug. The part of the gooseneck to the left 
of the shoulder projects into the boom and is riveted to it. 

Immediately to the left of the shoulder in the plan and eleva- 
tion is a cylindrical portion 3 inches long and about 10 inches 
outside diameter. This latter dimension may be altered slightly 
in filing down the surface to fit the boom. 

At the left end of this cylinder two prongs begin which 
extend 24 inches from the shoulder and are shown in the plan 
view to be symmetrical about the center line. The outer edges 
of the prongs in this view spread out toward the shoulder to 
3 inches each side of the center line, and are connected to the 
shoulder by fillets of 1-inch radius. 
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In the elevation, the outside diameter of the prongs is 
10 inches, showing them to be a continuation of the cylinder 
as seen in the plan view. 

Each prong is % inch thick at the extreme end, as shown in 
the elevation, and increases in thickness on the inside to 1 inch 
at the junction with the bottom of the shoulder as at points c 
and c, Fig. 15. The prongs and the cylinder to which they are 
connected are rounded into the shoulder on the inside by a 
fillet of 13-inch radius. The inside of the cylinder is shown 
dotted in the plan, as well as the inside edges of the prongs, the 
latter being obtained from the end view, as will be explained. 
In the elevation, the prongs and head up to 2$ inches from the 
swivel-pin hole are cross-hatched for cast steel. 


121. At the intersection of the two axes locate the end view 
on the plate, and draw three circles, 8 inches, 10 inches, and 
10% inches in diameter. The first represents the inside diam- 
eter of the cylinder at its inner end, the second ‘the outside 
diameter of the cylinder and the are of the outer surface of 
the prongs throughout their length, and the last the shoulder 
against which the boom fits. In this view the section of the 
prongs where they join the cylindrical part is 6 inches wide 
and is to be shown cross-hatched. The flat sides of the prongs 
are shown by radial lines, and the inside edges of the prong’s 
are rounded with a }-inch radius. The inner edges are to be 
shown projected to the plan and the elevation. In the elevation 
the inner far edges of the prong are full lines, and the outer far 
edges, being hidden behind the section, are dotted. In the plan 
view the inner, or under, edges of the top prong are represented 
by dotted lines. The location of these lines is obtained from the 
end section in the manner illustrated in Fig. 15, which showss 
views similar to those on the plate and also a section 
through X Y, near the end of the prong. View (c) is the 
same as the end elevation on the plate, and view (d) is a 
section through the outer rivet hole, which is 14 inches from 
the end of the prong. In views (c) and (d) similar points 
are lettered correspondingly; thus, d’ corresponds to d, and ec’ 
(HO) (4, (UCP 
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In ordinary practice, view (d) would be drawn in pencil and 
in outline only, to the left of view (c), and the lengths of the 
radii would be obtained by projection from the sectional eleva- 
tion at the line X Y. 

In these views 4 represents the horizontal distance between 
points d and e, and B the horizontal distance between points d’ 
and e’. Then, to locate the inner edges of the prong on the 
plan view to be shown on the plate, these dimensions A and B 
may be transferred, by measurements, to their proper places 
as indicated on the plan in Fig. 15 (a), where A is 1 inch to 
the left of the cylindrical part and B 14 inches from the end 
of the prong. The dotted lines may then be drawn through 
these points. On the plate, the inner surface of the end of the 
prong is represented by a dotted arc tangent to the end of the 
prong and to the two dotted lines that represent the inner 
edges. At the inner end, a dotted are of 1-inch radius is 
drawn tangent to the dotted lines and to the inner end of the 
cylinder. In the side elevation, points locating the inner edges 
of the prong at the section lines UV and X Y may be pro- 
jected directly from the sectional views (c) and (d). The 
similar points may be identified by similar letters. 

At a distance of 14 inches to the left of the shoulder, draw 
a center line»on which to project rivet holes shown in the end 
view. Since the holes are on a cylindrical surface all holes 
not on the.center line will be elliptical in form. The rivet holes 
in.the prongsscan be made circles, as it is a conventional method 
of representing them. In the elevation, only the end rivet hole 
in the prong is shown; the others in the prongs are omitted, 
since they would be of no real service in constructing the 
piece. 

22. Next draw the cargo boom, piece 1, with its hori- 
zontal center line 14 inches below the top border. This is 
drawn to a scale of 4 inch=1 foot. 

The boom is made up of five pieces of tubing, those of 
smaller diameter being set into the larger and welded in place. 
The end sections are 8 feet long by 10} inches outside diameter 
and .365 inch thick. The next sections are 10 feet 3 inches 
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long, 113 inches outside diameter, and 2 inch thick. The 
middle piece is 18 feet long, 12% inches outside diameter, and 
2 inch thick. The smaller tubes are set 24 inches inside the 
larger ones so that the total length over the tubing is 46 feet 
6 inches. The inside diameter of the 12%-inch outside diameter 
tube is 12 inches, and the 11%-inch outside diameter tube sets 
inside of this, leaving a quarter of an inch to be taken up. 
Locate the eye of the gooseneck, piece 2, 3 inch from the right- 
hand border and locate the end of the tube 6 inches from that 
eye as dimensioned in the detail of piece 2. Locate the outer 
end of the 10-inch outside diameter tube at the opposite end 
of the boom #3 inch from the left-hand border and draw the 
10-inch outside diameter tubes to lengths given. Draw the 
three middle tubes, showing the laps 24 inches long. As the 
length of the paper is not sufficient for full length of the boom, 
show breaks in the three middle pieces. Make the lengths 
from the outer ends of the 11-inch tubes to the ends of the 
12%-inch tube 3, inches, actual measurement. Draw to 
reduced size the gooseneck, piece 2; boom cap, piece 3; outer 
and inner bands, pieces 9 and 12, and show the links in the eyes 
of the bands, pieces 10 and 13, parallel to the boom. The 
dimensions and lettering will complete this view. 


1238. Next locate the outer base line for the cleat, piece 17, 
t inch above the bottom border. This cleat is to be shown in 
plan, elevation, and sectional side elevation. The vertical 
center line, or axis, of the plan and elevation is 3 inches from 
the left-hand border, the center line of the section is 6 inches 
from the left-hand border, and the horizontal center line of 
the plan is 34 inches above the bottom border. 

Draw the base in the plan view 64 inches wide and 10 inches 
long, the corners having a 24-inch radius. This base is sym- 
metrical about the center line and axis. Locate the $-inch tap 
rivets as shown. Show the horn of the cleat 16 inches long— 
8 inches each side of the axis and terminating in an arc of 
8-inch radius. For a distance of 4 inches each side of the 
axis, the horn is 24 inches wide—1} inches each side of the 
center line—and from the ends of this parallel part to the arc 
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at the end, it tapers in a fair curve tangent to both. The base 
is dotted in way of the horn. 


124. In the section, which is through the middle of the 
cleat, draw the bottom of the base tangent to the base line with 
a 13-inch radius whose center is on the center line continued | 
below the figure. The base is concave so that the cleat can be 
riveted to a mast or other circular structure. This curved sur- 
face extends horizontally 3§ inches each side of the center 
line. Make the edges of the base 4 inch thick and vertical. 
The thickness of the base in the center is # inch. Through the 
points that define the thickness at the center and side draw an 


arc of a circle. 


125. In the elevation, locate the bottom of the ends of the 
base 5 inches each side of the center line and on the base line. 
The thickness of the base at the ends is 3 inch. Project over 
from the section the top and bottom of the sides of the base. 
These sides are parallel with the base line only for a length 
of 2} inches each side of the center line, as the corners of the 
base are of 2%-inch radius. On the base line lay off the length 
of the base and its thickness at the ends—? inch—and connect 
the side lines with the thickness points at the ends by means 
of curves tangent to these lines. Locate the ends of the horn 
8 inches each side of the center line, the top in the elevation 
being 4} inches above and parallel to the base line, except for 
a distance of 4 inches each side of the center line. The ends 
of the elevation of the horn are formed by arcs of circles 
s inch in diameter. Locate the opening through the standard 
supporting the horn with its bottom at the top of the base; 
that is, $ inch above the base line as drawn in the cross-section. 
This opening is 14 inches deep, it extends 1 inch each side of 
the center line, and its ends are semicircles 14 inches in 
diameter. Draw vertical pencil lines 24 inches beyond the 
sides of this opening. With radii of 14 inches and centers 

+ inches above the top of the base at the ends, draw arcs 
tangent to these lines. Then with radii of 14 inches and cen- 
ters 4 inch above the centers just used, draw arcs tangent 
to these pencil lines. Draw lines tangent to each pair of ares, 
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and draw the under side of the horn as a straight line tangent 
to the upper arcs and to the 3-inch-diameter arcs at the ends of 
the horns. The depth of the horn above the opening is 1 inch 
and the top of the horn is flat in elevation for a distance 4 inch 
each side of the center. With centers $ inch from the middle 
of the length and radii of 1} inches, draw ares tangent to this 
flat elevation; then, with radii of 43 inches draw arcs tangent 
to the preceding arcs and to the outer top contour of the horns. 
This completes the side elevation. The plan is completed by 
drawing dotted circles, 24 inches in diameter, with their centers 
on the center line and 2} inches each side of the axis. These 
represent the sections of the standard supporting the horn at 
each side of the opening. 

On the section draw vertical lines 14 inches each side of 
the center line and connect them to the top of the base by arcs 
of $-inch radii tangent to both. The projection of the top of 
the horn is flat and connects with the sides, which are the 
vertical lines just drawn, by ares of $-inch radii tangent to 
both. Over the opening, the material is 1 inch in depth and 
2! inches wide. The sides are semicircles of $-inch radius. 
- This section is to be cross-hatched to represent cast iron. 

Complete the plate by putting on all lettering, the list of 
parts, or details, as shown on both Plate 1056 and this one, 
and the title and number of this plate. 
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(PART 3) 


DRAWING PLATES—Continued 


PLATE 1058, TITLE: WATER-TIGHT DOOR 


1. Frequently it is desirable and sometimes it is necessary 
to have access to various compartments of a vessel through 
water-tight bulkheads. In such cases water-tight doors are 
required. Obviously it would be ridiculous to have a water- 
tight bulkhead with a non-water-tight door in it. Water-tight 
doors are of two kinds, hinged and sliding. The door shown 
in Plate 1058 is of the hinged variety. Sliding doors are 
either hand-operated or power-operated. The power-operated 
doors can be opened and closed from a distance—as from the 
bridge. Doors that are operated from the bridge are usually 
below or at the water-line, and in case of danger it is desirable 
to close them much quicker than could be done by hand at the 
door. Hence, on passenger steamers, doors operated by elec- 
tric or hydraulic power and worked from the bridge are desir- 
able. These doors are more complicated than the hinged type. 
Hinged doors are used almost entirely on freight steamers, and 
on passenger steamers at places well above the water-line, 
where immediate closing is not so essential. In freight steam- 
ers, practically all water-tight doors near or below the water- 
line are kept closed when the vessel is at sea. 


2. The door to be drawn in Plate 1058 is an ordinary type 
of hinged door and can be economically built. When closed, 


COPYRIGHTED BY INTERN--TIONAL TEXTBOOK COMPANY. ALL RIGHTS RESERVED 


saz 


2 SHIP DRAFTING Sie 


it is made tight by means of six hand-operated dogs that, by 
a wedging action when turned, jam the door firmly against a 
flange on the bulkhead plate all around the sides of the door 
opening, the joint being made tight by a rubber strip between 
the door and the flange. 

The views to be shown on this plate are an elevation of the 
door; a detail of the dog, and a section of its bushing and the 
door ; a sectional view through the door with a plan and eleva- 
tion of the hinge; and details of some of the smaller parts. 
The door plate, piece 13, is stiffened around its edge by the 
door frame, piece 14, which is an angle planed down from a 
larger size to have a square toe that is flush with the edge of 
the door plate. Secured to the riveted flange of this angle by 
the two retaining strips, pieces 15, is a strip of rubber, 
piece 17, 4 inch thick. The door swings on two hinges made 
up of the hinge pad, piece 8, the hinge blade, piece 9, riveted 
to the door plate, and the hinge pin, piece 10, connecting 
pieces 8 and 9. 

An oval hole in piece 8 permits the pin, and hence the door, 
to be moved toward the bulkhead when the dogs are jammed 
down on the wedges. Piece 10 is held in place by two ;%,-inch 
split pins, pieces 11. The door opening is 2 feet 2 inches<5 
feet in the clear and the bulkhead plate is flanged 2} inches 
around the sides of the opening. When the door is closed the 
rubber between the retaining strips, pieces 15, is in contact 
with the flange of the bulkhead plate. Water-tightness is 
obtained by forcing the rubber against the flange by means of 
the six dogs, pieces 1, that pass through the bulkhead and are 
turned by handles, pieces 5, from the opposite side of the bulk- 
head. The dog when turned forces the rubber against the 
flange by sliding over the wedge, piece 7, which is riveted to 
the door in way of the travel of the dog. The offset in the dog 
is made so that there is clearance between it and the door plate 
for a man’s hand, thus making a handle so that the dog can be 
operated from either side of the bulkhead. The shank of the 
dog is turned to 14 inches in diameter and this part is a turning 
fit in the bushing, piece 2, which is tightly fitted in the 24-inch- 
diameter hole in the bulkhead plate. This bushing is held in 
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place by the nut, piece 4. To take the wear, there is a washer, 
piece 3, inserted between the handle and the bushing. All 
contacting surfaces of pieces 1, 2, 3, 4, and 5 are machined. 
While there might be a slight seepage of water through this 
assembly, there can be no great leakage. A door handle, 
piece 12, is riveted on each side of the door. 


3. First draw the Detail of Dog and Bushing, to a scale of 
6 inches=1 foot. This view represents a horizontal section 
taken on 4 B in the Elevation of Door, which is the assembly 
drawing. Draw the 2-inch bulkhead plate with its bottom side 
3 inches, actual distance, from the top border, and the right- 
hand side of the 2}-inch flange on the bulkhead plate 77%; inches, 
actual distance, from the left-hand border. The dimensions 
for the flange are shown in the horizontal section on C D in the 
Detail of Door and Hinge. The toe of the flange is a semi- 
‘circle described with ;’;-inch radius and is drawn to scale. 
Locate the center line of the dog 24 inches from the face of 
the flange. Draw the bushing, piece 2, washer, piece 3, and 
shank of the dog, to dimensions. The end of the shank is 
hemispherical and of a radius equal to one-half the diameter, 
which at this part is 1 inch. 


4, The handle, piece 5, can also be drawn as shown. The 
axis for the lower, or plan, view of the handle is 5% inches, 
actual distance, below the top border. The end of the handle 
is of 4-inch radius. The pin, piece 6, is } inch in diameter at 
its large end, and, according to the note on the plate, it is to 
taper 1 inch in 40 inches. Therefore, as it is 24 inches, or 
4 inches, long it will taper /g inch and its diameter at the small 


end will be #; inch. The hole in the shank of piece 1 is not 
dimensioned, on account of its being in the taper, but should 


be drawn a little less than 2 inch in diameter. 


5. Ata distance of 3,5; inches above the top of the bushing, 
piece 2, is the bend in the dog, the diameter below the bend 
being 14 inches and beyond it 1 inch. The parallel sides of 
these parts should be drawn in pencil intersecting and then 
connected by an arc of 2-incli radius for the inside and of 

t-inch radius for the outside of the bend. The profile of the 
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shoulder of the shank immediately above the bushing is a 
reverse curve, the center of the }-inch radius of the upper 
curve being $ inch above the bushing and the arc being tangent 
to the outline of the shank. The lower arc of 4-inch radius is 
tangent to the upper are and defines the edge of the shoulder, 
which is 2 inches in diameter. Ata distance of 22 inches from 
the vertical axis is a offset of 1 inch which is made through 
a length of about 1% inches, beyond which point the dog con- 
tinues parallel to the part immediately around the right-angle 
bend. With a center 22 inches to the right of the vertical axis 
and a radius of ? inch, draw an arc tangent to the horizontal 
axis. With the same radius, draw an arc tangent to the first 
arc and also to the offset axis. The second center will be about 

zz inches to the right of the first center. The radii of the 
inside and the outside of the dog at each bend will have the 
same centers, and the arm being 1 inch in diameter the radii 
will be 4 inch less and 4 inch greater, respectively, than the 


2 


radius of the axis. 


G. As shown in the horizontal section in Detail of Door 
and Hinge, the door projects 1); inches beyond the inner face 
of the flanged bulkhead plate. Draw the ?-inch thick door 
plate, piece 13, with its upper edge located 1,°; inches, actual 
distance, from the upper border line, which will bring the top 
face of the plate ¢ inch from the lower side of the dog. Next 
draw the section of the wedge, piece 7, ¢ inch from the edge 
of the doorplate. The detail of the wedge shows it to taper 
from 4 to + inch in thickness and its width to be 14 inches. 
Show dotted the high part of the wedge, $ inch thick, back of 
the dog handle. Though, as shown in the detail drawing, the 
ends of the wedge are rounded, it is here represented conven- 
tionally and the thin edge is cross-sectioned. Draw the angle, 
piece 14—dimensions to be obtained from the hinge detail— 
having a 4-inch radius at the toe and a ;>;-inch radius at the 
bosom. The strip of rubber and the steel holding strips are 
drawn as dimensioned in the hinge detail. If the work has 
been drawn carefully, the toe of the flange and the surface of 


the rubber will be just touching. When the door is wedged 
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tight, the flange sets down into the rubber. The dimensions of 
the No. 18 fillister-head screws, ? inch long under the head, are 
to be taken from the table given in Mechanical Drawing. The 
holes for these screws extend through the angle. The screws 
are staggered in the two strips, and in each row they are spaced 
4 inches center to center. 


7. The detail of the wedge, piece 7, is next drawn with 
the center line of the plan 544 inches, and the base of the eleva- 
tion 644 inches, below the top border. The center of the right- 
hand rivet is 17g inches from the right-hand border. The 
drawing of this detail needs no explanation except that the 
countersink for the rivets is + inch below the. surface of 


the wedge. 


8. The detail of the nut, piece 4, is drawn with the vertical 
axis 3 inches from the right-hand border and the horizontal 
axis of the plan 3} inches below the top border. The bottom 
of the elevation is 2 inches below the top border. The plan is 
drawn first as a hexagon inside a circle of 3} inches diameter, 
to scale. The dotted circle 2} inches in diameter represents 
the root of the thread ; and the full circle, which is drawn about 

+ inches in diameter, represents the top of the thread. 


9. The Detail of Door and Hinge shows a horizontal sec- 
tion at CD of the assembly drawing, and is drawn by first 
locating the bulkhead plate with the top side 6{? inches above 
the bottom border and the outside (left) of the flange 7;'5 
inches from the right-hand border. Draw the door plate, the 
angle, piece 14, and the rubber and retaining strips in the same 
way as in the detail of the dog, the door plate being shown 
broken away. The center of the hinge pad, piece 8, is 3¢ inches 
from the flange of the bulkhead plate and the pad is 3 inch 
thick. . 

Draw the center line of the elevation of the hinge 1 inches 
above the bottom border and project down the center of the 
hinge pad from the plan view. Draw the base of the pad as 
per dimensions. The chamfer extends back $ inch from the 
corner of the top of the base. In the plan, locate the center 
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of the hinge pin, piece 10, and also the center of the hinge- 
pin hole in the hinge blade, piece 9, 4} inches from the bulk- 
head plate or base of the pad and 14 inches to the right of the 
center of the pad. With this center and a radius of {¢ inch, 
draw an arc, from which draw tangents to the outer edges of 
the base, thus representing the projecting lug of the hinge pad 
on which the upper fork of the hinge blade rests when in place. 
Project this on the elevation, making it 13% inches thick and 
symmetrical about the center line. A note on the plan view 
indicates a fillet of 4-inch radius where the lug joins the base. 
Draw the blade of the hinge in the plan from the given dimen- 
sions. The pin end of the blade in the plan is of {-inch radius, 
same as the lug on the pad, and is connected to the blade by 
arcs of 24 inches and 14 inches radii tangent to the g-inch- 
radius arc and to the straight back and front of the blade. 
The hinge-pin hole in the blade is +3 inch in diameter and is 
drawn as a full circle in the blade; in the pad, piece 8, the 
hinge-pin hole is 1”X+4?” oval located as shown, and drawn 
dotted. Draw the elevation of the blade, dotting in the pro- 
jection of the holes in the forked end and the countersunk 
holes in the pad. Locate the centers for three g-inch rivets in 
the plan of the blade, showing the countersunk heads dotted 
1 inch in diameter, and project the centers to the elevation. 

Draw the hinge pin, piece 10, and locate the holes for the 
split pins where shown. The upper hole will be tangent to the 
top of the hinge blade. 


10. The Door Handle, piece 12, is next drawn by locating 
the axis of the plan 2} inches above the bottom border, and the 
base line of the elevation # inch above the border. Locate the 
center of the left-hand rivet hole 14 inches from the left-hand 
border; and at a distance of 6% inches, to scale, to the right 
draw a center line for the right-hand rivet hole. In the plan 
view draw two arcs of 44-inch radius for the pads and connect 
them to the sides of the 3-inch-wire-diameter handle by ares 
of g-inch radius tangent to the sides of the pads and the 
handle. The elevation may now be drawn from dimensions 
given and the outside curve in the handle may be projected to 
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the plan view. Draw dotted lines for 3-inch countersunk rivet 
holes and show the bevel of the countersink at an angle of 60° 
and 4 inch deep. The circles for the countersunk rivets in the 
plan may then be drawn. 


141i. Finally, draw the assembly view, or Elevation of Door, 
with the bottom of the bulkhead 44 inches above the bottom 


----------- 
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border. Locate the left side of the clear opening in the door 
1,4, inches from the left-hand border and show it dotted as in 
fig l. Uhe seale of this’ drawing is 1 inch=1 toot. The 
bottom of the door is 15 inches, to scale, above the bottom of 
the bulkhead. 

The height of the bulkhead is 7 feet 6 inches, and at the top 


and bottom is shown the 3-inch vertical leg of the bounding 
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angle bars. The bulkhead is shown broken at the sides. First 
draw the sides, top, and bottom of the door opening, rounding 
the corners with a 4-inch radius. The five dotted lines and one 
full line in this detail are shown more clearly in Fig. 1. 

The lines of the door opening being taken as a base, the 
others are all parallel, and the center for all the radii at each 
corner is the same. Locate the center lines of the hinges from 
the given dimensions and draw the outline of the blade, piece. 9; 
and pad, piece 8, referring to the detail drawing for dimen- 
sions. The center line of the hinge pad, piece 8, is located 
34 inches from the line of the door opening, and the center 
line of the hinge-pin holes is 37% inches from the edge of the 
door plate, piece 13, which is represented by the outside full 
line in this assembly drawing. Next to be located are the 
center lines of the six dogs, those for the corners being along 
lines bisecting the corner angles. The center of the bushing, 
piece 2, which is represented by the 3-inch-diameter circle, is 
located 2} inches from the door opening or door side line. The 
handle of the dog, piece 1, is drawn along the center line and 
extending 8 inches inside the center line of the dog and bush- 
ing. Draw the outline of the wedge symmetrical about the 
center line of the dog and with its straight edge 4 inch from 
the edge of the door. Finally locate and draw the door handle 
where shown. 

Complete the plate by adding the dimensions, lettering, bill 
of materials, and title and number of plate in the usual manner. 


PLATHE 1059, TITLE: STEM 


12. The stem is the extreme forward member of the 
structure of a vessel and serves to unite the two sides of the 
ship. It is sometimes drawn in connection with the structural 
framing at the bow of the vessel and sometimes drawn sepa- 
rately. The latter method is preferable although the outline 
is required in the bow-framing drawing. 

In the case here illustrated the stem consists of two parts: 
Piece 1, a steel casting, known as the forefoot casting, which 
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extends throughout that part of the stem where there is a vary- 
ing cross-section, or where the shape is continually changing, 
and piece 2, a mild-steel bar of constant cross-section extend- 
ing from the forefoot casting to the top. By reference to the 
Lines drawing, Plate 1051, it will be seen that the ship’s 
form narrows down, or “fines in,” from station $ forward. 
It is to conform to this change in shape at the bottom that the 
casting is used. In this case the half siding decreases from 
5§ inches at the after end of the casting to 14% inches at the 
forward end, and this latter dimension is one-half the thick- 
ness, or is the half siding, of the stem bar. At the lower end 
of the stem, as elsewhere, the frames of the vessel must fair 
in to this half-siding line. This lower part of the stem is 
sometimes made a continuation of piece 2 and then this fair- 
ness and changing of shape is attained by forging in the shop 
to templets made in the mold loft. The method here illustrated 
requires a pattern, which is made to dimensions taken from the 
mold-loft floor. It will be seen that at each section the half 
siding is given but not the width at the top of the flange, or 
the upper edge. The patternmaker must get these dimensions 
directly from the full-sized Lines on the mold-loft floor, 


13. The stem here illustrated is for a longitudinal-framed 
vessel where the transverses, or frames, are not regularly 
spaced at the extreme end of the vessel. The Lines of this 
vessel would show that a forefoot casting having cross-sections 
as here shown would be fair and would also fair in with the 
framing and the shell above, that is, it would join on without 
any hollows or humps. 

Above the forefoot, the two sides of a vessel have much less 
curvature and what there is changes more gradually. The 
shell plating is here knuckled at or near the after edge of the 
upper stem, piece 2, and is through riveted. The two parts 
of the stem are connected by a scarf joint, the surfaces of 
which are machined to fit. 

The drawing of the stem consists of a plan and elevation 
showing the general arrangement, and several details. Aside 
from the riveting and the scarf joint, the upper part can be 


154—30 
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made from the elevation of piece 2, but the details are neces- 
sary for making the lower part, piece 1. The plan and eleva- 
tion show views drawn to scale, but not specially working 
drawings. The cross-sections give the transverse shape at 
certain definite points, and by making templets of each of these 
sections, from the mold-loft floor, the patternmaker can shape 
his full-size pattern so it will come in a fair surface through- 
out. A templet is made of the upper part of the stem for 
marking holes for riveting to the shell plating and to piece 1. 


14. Draw the molded base line 1£ inches, actual measure- 
ment, above the lower border line. Then, 2 inches from the 
right-hand border, draw the forward perpendicular (/F. P.). 
Dimensions on the figure, from here on, are to be laid off to a 
scale of 4 inch=1 foot. From a point on the base line 21 feet 
6 inches aft of the forward perpendicular, draw a dash line to 
intersect the forward perpendicular in a point 4 feet 10 inches 
above the base line. Mark a point on the forward perpen- 
dicular 25 feet 6 inches above the base line. Locate the top 
of the stem 52 feet 7 inches above the base line and locate the 
forward edge 12 inches forward of the forward perpendicular 
at this height. From this point draw the forward edge of the 
stem straight from the top through the 25-foot-6-inch point 
previously located and extend it to 10 feet above the base line. 

Draw in pencil lightly the 6-foot and 9-foot water-lines. 
Draw the dash lines representing frames 4, 3, 1, 14, 14, and 13, 
the first five located as shown on the drawing and the last 
1 foot 9 inches aft of frame 14. At frames 4, 3, 1, and 14, 
respectively, mark points 5 feet 44 inches, 4 feet 12 inches, 3 
feet 42 inches, and 2 feet 10? inches above the base line. These 
dimensions may be seen on the sectional views of the stem. 
Locate points 9 inches and 2 feet 1 inch aft of the forward 
perpendicular on the 9-foot and the 6-foot water-lines, respec- 
tively. Through these points, with a ship curve, draw a line 
fairing into the line representing the forward edge of the stem 
just drawn. This will be the contour of the stem. This line 
extends aft of frame 1} a distance of about 4 inches (see 
large section at frame 1}), being parallel to the dead-rise line 
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at this point and .72 inch below it. Of course, the .72 inch 
cannot be scaled. The stem contour aft of the rabbet continues 
along the dead-rise line to a point 1 foot 6 inches—measured 
horizontally—aft of frame 1$. Show the shoulder 4 inches 
aft of frame 1}. Beginning at the top, draw the back edge of 


the stem 103 inches from the front edge down to a point 
10 feet above the base line. Indicate by short full lines the fore- 
castle deck, upper deck, and second deck, 4 feet, 12 feet, and 
20 feet, respectively, below the top of the stem. At a point 
12 feet 4 inches above the base line show by a full line the top 
of the scarf joint between pieces 1 and 2, then, 2 feet 24 inches 
below this line, draw the dotted line and designate the scarf by 
the two diagonal lines. The forward edge of the stem is 
rounded for a distance of 33 feet 10 inches downwards from 
the top; this, however, is indicated in this view by the lettering 
only. 


15. Next draw the Detail of Riveting in Stem to a scale 
of 14 inches=1 foot. Locate a point 3f inches from the left- 
hand border line and 4 inches above the lower border, actual 
measurement; this point is the top of the scarf on the front 
edge of the stem. Through this point and extending 23 inches 
above and 3% inches (actual measurement) below it, draw a 
line that is parallel to the fore side of the stem shown in the 
elevation already drawn. Draw the after side of the stem as 
a dotted line 10} inches, to scale, aft of the front, the bar 
portion of the stem being 10$ inches by 2 inches, as shown in 
the section. Parallel to the after edge and 7% inches from it, 
draw a full line nearly as long as the front edge. Aft of this 
line just enough to show a space between, draw another full 
line of the same length. These full lines represent the forward 
chamfered edge of the shell plating lapping on the stem bar. 
Show the stem broken off at the top and bottom ends. 

Draw, in full lines and dash lines as shown, the top and bot- 
tom of the stem scarf, perpendicular to the edges of the stem, 
the scarf being 2 feet 24 inches long. Locate on the forward 
edge of the shell plate points from which to draw the landing 
edge and the side edge of the shell seam, 23 inches and 7 inches, 
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respectively, above the top of the scarf. Show the seam, with 
a lap of 44 inches, extending aft from these points and sloping 
downwards 1 inch in 21 inches. Show part of the upper, or 
in, plate with its after and upper edges broken away, and show 
the lower, or out, plate with the lower and after edges broken 
away. 


16. Next to be drawn is the cross-section view through the 
middle of the scarf. Draw a dot-and-dash line 33‘ inches, 
actual measurement, above the top of the scarf and perpen- 
dicular to the front of the stem. This is the center line of the 
section taken through the middle of the scarf. Draw the rec- 
tangle 10$ inches by 2{ inches, to scale, with a full line through 
the center indicating the joint between the steel-bar stem above 
and the cast-steel forefoot below. Locate the center lines of 
the rivets as shown and also the forward edge of the shell 
plate. Draw the plates in section, $ inch thick, the part aft of 
the stem sloping at an angle of 30 degrees to the center line 
or to agree with the shape of the ship. Draw the inner and 
outer rivets full and the middle rivet dotted. The rivets are 
1 inch in diameter and the countersink may be shown as 30 
degrees to the center line of the rivet. When the rivets pass 
through the plate, the countersink is only in the plate, but in 
the forward rivets the countersink is $ inch below the face of 
the stem bar and of the forefoot casting. Draw the convex, or 
full, heads and points of the rivets with a radius of 34 inches. 
Show the cross-hatching for wrought steel above and cast steel 
below. 

From the section, project the rivet lines onto the elevation 
and show them as dash lines, the forward row extending only 
throughout the scarf. In the middle row, locate the top and bot- 
tom rivets of the scarf 3 inches from the ends of the scarf 
and show the three rivets equally spaced between. In way of 
the scarf, the top and bottom rivets of the inner and outer rows 
are located 14 inches from the ends of the scarf and four 
intermediate rivets are spaced 48 inches apart. The notes 
under the riveting tables, Tables I, II, and III, in Ship Drafting, 
Part 1, state that stem and stem-frame rivets are to be spaced 
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5 diameters. By locating the two rivets below the scarf as 
shown, this spacing is held. 

The #-inch rivets through the plate seam are 14 inches, equal 
to 13 diameters, from the edges of the seam. The rivet in the 
outer row of plate rivets between the seam and the scarf is 
located the same as the corresponding rivet below the scarf. 
Above the plate seam, the rivets are so located that the spacing 
is exactly 5 diameters., The only places where the rule spacing 
is exceeded is at the ends of the scarf where at the bottom of 
the scarf the inner rivets are 4+14=5$ inches apart, and those 
in the outer row at both top and bottom are 3§+14=5% inches 
apart. 

Locate the #-inch tack rivets in the scarf as shown. The 
l-inch rivets are shown by a full circle 1? inches in diameter 
and a dotted circle 1 inch in diameter; the ?-inch rivets are 
shown by a 14-inch full and a #-inch dotted circle. 


17. Next, the front view of the stem is to be dawn. 
First, draw a solid line 43 inches (actual measurement) from 
the left border and perpendicular to the lower border. This 
line is the left-hand side of the front view of the stem. Pro- 
ject over the top and bottom of the scarf and draw the end 
view, showing the scarf tapering to ~ inch at the ends. Show 
the rivets in the outer row dotted in this view. 

Note that the rivet spacing is given along the stem in the 
side view, instead of on the end view which is a projection and 
not a view looking squarely toward the stem. 


18. On the arrangement view, or elevation, show the plate 
seam and the edge of the plate on the stem at the scarf. These 
will be the same as the detail except they are at the reduced 
scale. 


19. Next draw the Sections Throughout Lower Part of 
Stem, to.a scale of 14 inches=1 foot. This view consists of a 
profile of the casting, with cross-sections drawn at their proper 
places along the length of the casting. In order to get the whole 
length of the view onto the plate at the large scale, it is broken 
into two parts, the division being made between frames 1 
and 14 shown in the elevation. Draw a light pencil line repre- 
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senting the base line of the ship 67 inches (actual distance) 
above the lower border; as this is only a temporary construc- 
tion line it is not shown on the finished plan. 

On the base line locate a point representing frame, or trans- 
verse, No. 1, 2 inches (actual distance) from the left-hand 
border line; also locate points for frames } and 4, 24 inches 
apart (to scale) to the right of frame 1 and from these 
points draw light vertical lines locating the frames. Then the 


location of the part of the bottom of the stem shown in the 
upper view is determined by laying off on these lines points at 
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distances above the base line as follows: At frame 4, 5 feet 
4+ inches}at frame #, 4 feet 1§ inches: at frame 1, 3° feet 
4% inches, these distances being taken from the elevation, or 
arrangement drawing. That the shape of the bottom of the 
stem may be accurately defined, it is advisable to locate points 
intermediate between frames 1 and $ and between # and o 
These points are at horizontal distances of 12 inches each side 
of frame {, the point on the side toward frame $ being 4 feet 
+ inches above the base line, and that toward 1 being 3 feet 
+ inches, 
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When these points have all been located a solid line may be 
drawn through them with a ship curve and this line will be 
the contour line of the bottom of the stem in the upper view. 
Those parts of the frame lines that are to romain on the 
finished drawing may then be drawn as dot-and-dash lines. 


20. Next, on frame $, locate a point 141 inches above the 
contour line of the bottom. The actual shape of the stem 
casting has to be taken from the Lines drawing of the ship, 
and in this case the offsets for constructing each of the six 
sections that are to be drawn are given in the accompanying 
table of Offsets for Drawing Sections of the Forefoot Casting. 

The sections are taken perpendicular to the base line at the 
frames, and show the views 
that would be seen by a 
person looking aft. The 


the section of which only 
one-half is shown. Fig. 2 
shows the points at which 


by the letters 4.58, C, etc:, 
in the table of offsets, were 
measured. 

Where the stem casting 
is wide enough, it is made 
trough-shaped, as at frame ? and aft. At frame } the section 
of the ship is so narrow that it is not practical to make the stem 
trough-shaped, so it is made solid with a vertical depth of 
141 inches. An idea of the general appearance of the casting 
is given by the perspective view, Fig. 3. 


21. The method of drawing the sections will now be 
described and the various points will be identified by the letters 
marking similar points in Fig. 2. First, at the intersection of 
the contour line of the stem with frames $, #, and 1, draw hort- 
zontal lines, and on them, to the left of the frame line, lay off 
the half sidings J H, which, from column A in the table of 
offsets, are 14%, 14%, and 14 inches, respectively. 
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Next, above the horizontal lines just drawn, locate the 
point G by the measurements D and FE. Also locate the inter- 
section of measurements B and C and draw the line GH 
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curved to pass through this point of intersection. At frame 4, 
G H is a straight line drawn to intersect the half siding J H 


previously mentioned. : 

At frames 3? and 1, locate points K, 3 inches and.2? inches, 
respectively, from the contour line, the distance being measured 
on a line perpendicular to the contour of the stem and repre- 
senting the thickness of the stem on the bottom. These 
points K are at the center line of the casting and the bottom 
of the trough. Draw horizontal lines, as K L, of indefinite 
length, representing the location of the bottom of the trough. 

At GF the thickness of the stem casting is shown on the 


plate to be 1 inch. Draw G F perpendicular to G H and round 
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off the corners, freehand. Then, measuring at right angles 
to G H find a point on K L that is 14 inches distant from G H; 
this will locate point L. Then draw F L and round the con- 
nection between it and K L, freehand. Cross-hatch the section 
at frames 4, #, and 1. 

By light pencil lines, project points F and G horizontally to 
frames { and 1, thus locating the points M@ and N on the upper 
contour of the stem. On this plate, the projection of the side 
of the section at frame 4 is at the point 144 inches above the 
contour line. Through these projected points draw the lines 
marked Projection of Edge F and Projection of Edge G in 
Fig. 2. These are the lines seen when looking at the casting 
from the side, as in Fig. 3. These lines converge at a point 
12 inches forward of frame ?. With a radius of 12 inches and 
a center on frame } at the same level as the point of conver- 
gence, draw in pencil an arc from the point of convergence on 
the upper contour toward the bottom of the trough. This is 
the forward end of the trough. Through points K in the sec- 
tions at frames }$.and 1, draw in pencil a line that will fair in 
to the are just drawn. This line, shown dotted, is the bottom 
of the trough. In the casting are transverse webs .40 inch for- 
ward of frames # and 1. The floors, which are .40 inch thick, 
but are not shown here, go between the frames and the web, 
and are riveted to both. The webs are 1 inch thick and have 
an arc of #-inch radius at the top and bottom on the forward 
side. Show webs and the bottom of the trough as a dotted 
line. These webs, shown also in Fig. 3, will be drawn later in 
the plan below the elevation in the arrangement view. 


22, In the Detail of Riveting in Stem already drawn, the 
shell plating is shown to lap 73 inches on the stem. As the 
large sections are drawn through the frame line perpendicular 
to the contour of the stem, these sections do not show the true 
lap but only the projection of the lap. By descriptive geometry 
these projections can be drawn exact, but as it is not necessary 
to have them exactly to scale, approximations will do. The 
projections of the laps are to be drawn as 11 inches, 9 inches, 
and 74 inches at frames 3, 3, and 1, respectively. Ait of a 
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point a little forward of frame 1, the lap on the forefoot 
decreases, hence the projections at frames 1 and 14 show an 
actual lap of less than the 7$ inches. The shell plating here 
is .46 inch thick. In this view show both the forward and the 


after ends of the stem broken off. 


23. Ata distance of 62 inches (actual measurement) above 
the lower border line, draw a pencil line, which will be the 
ship’s base line for the sections at frames 14 and 1} and at 
the after end of the casting. Locate the after end of the cast- 
-ing 3¢ inches (actual measurement) from the left-hand border 
line. Frames 14 and 14 are spaced 18 inches and 21 inches 
forward of the after end of the forefoot casting. Locate the 
bottom of the forefoot casting 2 feet 2} inches, 2 feet 64 inches, 
and 2 feet 10% inches above the base line at the after end and 
at frames 1$ and 14, respectively. The bottom is a straight 
line from the after end to a point 4 inches aft of frame 1}. At 
that point there is a shoulder or rabbet .72 inch deep perpen- 
dicular to the contour line. The contour is continued to the 
point on the frame 1}, but .72 inch below and parallel to the 
contour line aft of the shoulder. Extend the contour line 
9 inches forward of frame 1} and curving slightly upward. 
This part is a continuation of the partial profile of the fore- 
foot casting above, but as the sections are the essential parts 
of this portion of the drawing it is not of vital importance that 
this curve be exact. The profile can be seen in its entirety in 
the arrangement elevation in the lower right corner. 

Draw the section at frame 14 and the web .40 inch forward 
of it, in the same manner as described for the preceding sec- 
tions. The offsets for drawing these are shown in the table 
just given. The thickness of the bottom of the stem at 
frame 1{ 1s 25 inches. The molded half siding, shown in the 
table for all the sections, is given on the plate for all except the 
after section and section at 13; in these the half siding of 
the casting is given to dimension the casting, and in all cases the 
distance from outer corner H, Fig. 2, to: the top at G 1s 
dimensioned to fix the extent of the casting. The projection 
of the shell-plating lap is 7 inches. 
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For the after end of the casting and at frame 14, draw the 
half siding and the dotted frame line to dimensions given in 
the table. Parallel to these side lines and .46 inch below 
(3 inch will be as accurate as can be drawn) draw the side line 
of the casting; this line will extend down to the half-siding 
line continued, and up to a line perpendicular to the dotted 
frame line and drawn through the point in the dotted line 
located by dimensions D and E, Fig. 2. It will be noted that 
these two after sections show the sides of the stem casting to 
be .46 inch outside the frame line. Fig. 4, which is a sectional 
picture through the center line showing the connections between 
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the stem, flat keel, and shell, shows the reason for this. At a 
is the forward end of the keel plate 4 inches aft of frame 1}. 
At this point, on the bottom of the casting, is the .72-inch 
rabbet shown in the plate. At b, which is the point shown on 
the plate 105 inches aft of the shoulder, is the after end of the 
butt at the forward end of the keel. Forward of a the shell 
plate laps directly on the stem as shown in sections at frames 3, 
8/1,and 14. In these, the outer face of the stem casting is the 
molded line. Between a and b the shell plate laps onto the 
J 


stem, and the flat-plate keel wraps around the stem outside 
the shell plate, as shown in Fig. 4. 
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The molded line of the vessel is inside the shell plate. The 
keel is an outside strake located as shown in Fig. 4 and is a 
smooth fair plate without joggles, extending as far forward 
as the keel shoulder at a. Aft of point b, which is 103 inches 
aft of a, if the side of the stem were continued in a fair plane 
as forward of b, there would be a space between the keel and 
the stem equal to the thickness of the shell plate. To fill up 
this space the stem casting is joggled outwards aft of point b, 
but on the sides only, and this joggle is equal to the thickness 
of the shell plate, which is .46 inch. This is shown also for- 
ward of frame 14 in the plan of the casting below the arrange- 
ment view of the stem. 

Accordingly, the sections of the casting at frame 14 and at 
the after end are drawn similarly to the other sections, the 
dimension .46 inch being the joggle from the molded line to 
bring the casting down to the top of the keel. The thicknesses 
1 inch and 14 inches are measured from the face of the cast- 
ing. The thickness of the bottom of the stem at frame 1} is 

4 inches. In actual practice, the line of the bottom of the 
trough is drawn a fair curve from the after end to the thick- 
ness selected at frame ?, and intermediate thicknesses are scaled 
from this line. But as the elevation is here given in two parts 
the thicknesses at the intermediate frames are given to facili- 
tate drawing. 

Draw the full line perpendicular to the contour of the stem 
and 10 inches aft of the shoulder. This is the line of the 
joggle shown in the profile. The projections of the upper and 
lower outer edges of the flange (points F and G in Fig. 2) 
are drawn similar to those in the upper part, except that a jog 
is shown to indicate the joggle in the sides. Note that the 
bottom of the casting is without any joggle at this point, as 
shown in Section X Y in Fig. 4. There is a rounded corner at 
the after end of the casting which may be drawn freehand. 
Forward of frame 14 the casting is shown broken off. 

The riveting note just aft of frame 14 shows the difference 
in size of rivets in the .72-inch keel plate and the .46-inch shell 
plate. See the last note under Table I, Ship Drafting, Part 2. 
The center line vertical keel, drawn in Plate 1053, extends to 
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frame 1} and the bottom angles are riveted to the forefoot 
casting. 

The lower part of the elevation of the stem in the arrange- 
ment drawing may now be finished, and it is a duplicate of the 
larger profile above, except that only one line is drawn to 
show the top of the flange. Note here that, aft of the shoulder 
4 inches aft of frame 14, the contour of the stem casting lies on 
the rise line of the stem. 


24. The plan of the stem is next to be drawn. Draw the 
horizontal center line { inch, actual distance, above the lower 
border. From the profile, project the frames and the extreme 
ends of the casting. Mark on each frame line the distance of the 
outer edge of the flange, as point G, Fig. 2, from the center line, 
these to be scaled from the sections just drawn. Draw a full 
line through these points on each side of the center line, and 
forward of frame ? fair this in to the half siding of the bar 
stem, 1;%; inches. Show the joggle in the flange between 
frames 14 and 14. The 1,%-inch half-siding dimension holds 
from the top of the stem to below the scarf. Locate the for- 
ward end of the trough 12 inches forward of frame } and 
show it ending in a semicircle of 4$-inch radius. Show the 
projection of the inner edge of the flange, the projected thick- 
ness decreasing toward the after end as the flange flattens and 
the top and bottom more nearly coincide. As this is more of a 
picture than a working view the thickness may, for the sake of 
clearness, be drawn a little larger than actual, or about 2 inches. 
Draw the transverse webs, showing a fillet in the corners where 
they join the side flanges of the casting. These webs give 
transverse strength to the casting and also furnish an attach- 
ment for the floors. 

The half siding of the bottom of the casting is drawn dotted. 
The cross line 4 inches aft of frame 14 is the shoulder, the 
flaring sides of the casting making the half siding greater aft 
than forward of it. A transverse full line 105 inches aft of the 
extreme forward end of the stem shows the projection of the 
extreme top. The lettering, the schedule of material, and the 


title complete the drawing. 
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STERN FRAME AND RUDDER 


25. Plate 1060 shows the arrangement of a stern frame 
and rudder with some details; Plate 1061 shows other details 
of the same parts. The views on these two plates are so closely 
related that one will often help to an understanding of the 


Fic. 5 


other, and in drawing one plate it will often be necessary to get 
details and dimensions from the other. They will therefore be 
described together. Directions for making the drawings will 
be given separately so far as possible, but, as will be explained 
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at the proper place, some of the parts on Plate 1060 can be 
better understood after the details of those parts are drawn 
on Plate 1061; therefore, both of these plates should be com- 
pleted before either is sent in for correction. 

The stern frame, like the stem, forms a connection between 
the two sides of the vessel; it also provides a support for the 
rudder, and in single-screw steamers it supports the propeller 
and forms the opening in which the propeller is located. 

_ The stern frames shown in Plate 1060 and Fig. 5 are those 

used for ordinary single-screw steamers. The forward upright 
part is called the propeller post, since it has the boss, or 
enlargement, through which the propeller shaft passes, the 
propeller being mounted on this shaft immediately behind this 
post. The after upright part is the rudder post, so called 
from its being the rigid part on which the rudder is hung. 
The connection between the rudder post and the propeller post 
at the bottom is called the shoe and the connection at the top 
is the arch. The space within these four parts is known as 
the propeller aperture since the propeller revolves within it. 

In twin-screw steamers there is no propeller post, as the 
propellers are at the sides of the vessel, as shown in Fig. 6, 
The vessel there shown has a special type of rudder and hence 
no stern frame. But in twin-screw vessels having the ordinary 
type of rudder, the stern frame consists of the rudder post 
and a projection forward from the bottom that attaches the 
post to the keel. 


26. The rudder is the device by which the vessel is 
steered, and in most vessels of today it is operated through a 
steam engine by controlling gear located on the navigating 
bridge and perhaps at one or two other convenient places. A 
hand gear is always provided to be used in case the steam gear 
is disabled. The rudder is usually allowed to swing about 
35 degrees each side of the center line, the motion being trans- 
mitted through a horizontal lever or filler, to use the marine 
term, or through a quadrant rigidly secured to the rudder shaft, 
or stock, and to which the blade is attached. The pins on which 
the rudder swings are called pintles, piece 6 on the plate. 
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The plate blade of the rudder here shown is held in a rudder 
frame, piece 4, on which the pintles are mounted. The frame 
is connected through a coupling, horizontal in this case, to the 
stock, piece 3. 

The rudder is prevented from turning beyond its allowable 
amount by stops on the deck, or elsewhere, limiting the move- 
ment of the quadrant or tiller, or by cheeks forged or cast on 
the stern frame and rudder frame, which come in contact 
when the limiting angle of travel is reached. Usually an auto- 
matic device cuts off the supply of steam to the steering engine 
at 2 or 3 degrees before the positive stops would come in con- 
tact. The center lines of the pintles and the rudder stock must 
coincide in order to have any movement of the rudder. 

The diameter of the rudder stock depends on the area and 
center of gravity of the surface of the rudder and also on the 
speed of the vessel. 


27. The type of rudder shown in Plate 1060 and in Fig. 5 
is called a single-plate rudder. The plate blade is supported 
by arms situated alternately on either side; those shown on 
Plate 1060 are cast integral with the main part of the frame. 
The arms are sometimes made separate and secured to the 
frame by keys, or they may be shrunk on as those in Fig. 5. 
In a double-plate rudder, the arms are in the center and are 
cast with the main part; this casting also includes a bow which 
connects the after ends of the arms and makes the contour of 
the rudder. On each side is a covering plate. This, of course, 
makes a thicker blade than the single-plate type and also gives 
a smooth-sided blade. The space between the arms, bow, and 
plate is filled with wood. The frames of rudders and also the 
stocks may be of cast or wrought steel or of wrought iron. 
Sometimes the blade and frame are made one, in which case 
cast steel is the material. 

In Fig. 5 the different parts of the rudder and stern frame 
are lettered and their names are given in the following list: 

a Rudder stock extending from coupling b up into the ship 
and through which the motion of the steering engine 
above is transmitted to the rudder. 


154—31 
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b Coupling of aand f. Round flanges on each are bolted and 
keyed together. 

f Main piece of the rudder frame with a coupling flange at 

: the top. In Plate 1060 the arms, here marked e, are cast 
in one piece with f. As shown in Fig. 5, the arms e are 
separate and are shrunk on; f is sometimes called the 
stock. 

g Rudder plate or blade. 

e Arms, five in all, alternated on the two sides of the plate g 
and swelled out around f at d where they are shrunk on 
the main piece f. The extreme forward part of the arm 
beyond d is the pintle lug. 

h_ Part of the stern frame called the rudder post and on which 
the gudgeons are cast. 

c Rudder gudgeons supporting the pintles, or hinge pins, on 
which the rudder swings. The pintles are fast in the 
pintle lugs and swing in holes in c. 

1 Part of the stern frame called the propeller post. 

m Part of the stern frame called the shoe. It connects / and h. 

7 Hub of the propeller, to which the blades are rigidly 
attached. 

k * Sometimes 7 and k are cast together and at other times, as 
here shown, the blades k are bolted to 7. 

n Part of hull called the counter. 

Parts a, e, f, and g are rigidly secured together and turn as 
one piece. 


28. Fig. 6 shows what is known as a balanced rudder. 
The stock is attached to the blade about one-third of the 
length of the rudder aft of the rudder’s forward end and is 
supported at the point where it passes through the shell of the 
vessel. There are no pintlés in this type of rudder. This type 
is not adapted for single-screw vessels; tl: vessel here shown 
has twin screws or propellers. This vessel has what is called 
a cruiser stern from the fact that it is like a warship and has 
no overhang aft of the end of the load water-line. 
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PLATE 1060, TITLE: STERN FRAME AND 
RUDDER ARRANGEMENT 


29. The stern frame and rudder shown on Plate 1060 are 
for a vessel about 300 feet long. The scale is to be 2 inch 
=1 foot. ; 

Draw the molded base line 22 inches, actual measurement, 
above the lower border. At a distance of 84 inches from the 
left-hand border, draw the after perpendicular, which is the 
after side of the rudder post. On the base line locate frame 125 
at a distance of 9 inches, to scale, forward of the after perpen- 
dicular A.P., and frames 124 to 118, spaced 24 inches apart, 
should be ticked in. 

At a distance of 16 feet 3 inches above the base line is the 
top of the scarf that connects the pieces 1 and 2 of the 
stern frame. Draw the outline of this part of the rudder 
post, to the scale here used, from dimensions given in Detail 
of Searf and Rudder Post on Plate 1061. Draw a light hori- 
zontal pencil line 17 feet 2 inches above the base line and 
extending forward from the rudder post. With a radius of 
10% inches draw an arc tangent to this line and the forward 
side of the scarf continued upwards. Locate the top of the 
stern frame 26 feet above the base line. The rudder post is 

+ inches fore and aft by 6 inches wide. Extend this section 
down 7 feet 3 inches from the top. Ata distance of 10 inches 
above the 17-feet 2-inch horizontal line previously drawn, 
draw a light horizontal pencil line. With an are having a 
9-inch radius, connect this line with the forward side of the 
top of the rudder post. This locates the top of the arch, the 
lower side of which fixes the upper limit of the propeller aper- 
ture. The size of the aperture is naturally controlled by the 
diameter of the propeller and the clearance between the tips 
of the blades and the hull. 


30. Draw the forward side of the rudder post 83 inches 
forward of the after perpendicular and continuing down from 
the scarf to about 30 inches above the base line. 
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Draw a vertical dot-and-dash line 44 inches aft of the after 
perpendicular to represent the center line of the pintles and the 
stock. 

From the Detail of Intermediate Pintles, on Plate 1061, it is 
seen that the gudgeons or pintle supports on the rudder post 
have a radius of 42 inches about the center line of the pintles. 
In the arrangement drawing, locate the lower gudgeon 13 
inches above the base line at its after side and extending 
48 inches aft of the center line. The lower gudgeon is 5 inches 
deep. Locate the tops of the other four gudgeons 4 feet 

+ inches apart, these being 54 inches deep as shown in the 
view at the left, entitled Rudder Post Looking Forward. Now 
the gudgeons can be drawn except the bottom of the lower 
one. The detail on Plate 1061 shows an arc of 14-inch radius 
to be used where the gudgeon joins the rudder post and an 
arc of ?-inch radius at the top and bottom about the gudgeon. 
As these are almost too small to draw with a bow pen, it is 
permissible in this drawing to put them in, at least the #-inch 
radius, freehand with a writing pen. 

The lowest part of the stern frame is 1.14 inches below the 
base line. On the base line, locate a point on the stern frame 
4 feet forward of the after perpendicular and draw the bottom 
of the stern frame, or shoe, as a straight line from this point 
to the after lower edge of the lowest gudgeon. Draw a light 
pencil line parallel to this line and 74 inches above. With a 
radius of 21 inches, draw an arc tangent to this upper line and 
the forward edge of the rudder post. 

Continue the lowest line of the stern post, which is 1.14 
inches below the base line, forward to a point 10 inches for- 
ward of frame 122. At this point there is a rabbet of .60 inch 
to take the flat plate keel which is .60 inch thick and is thus 
flush with the stern post. The horizontal part of the stern 
frame is continued forward, .54 inch below the base line, to a 
point 15 feet 3 inches forward of the after perpendicular. 
This projection forward of the propeller post is necessary in 
order to get a satisfactory connection to the structural part of 
the hull; at the forward end, this part of the stern frame is 
if inches deep. 
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31. The fore-and-aft length of the aperture depends upon 
the size of the propeller hub and whether it is to be possible 
to remove the propeller from the propeller shaft by simply 
sliding it aft and taking it out from between the end of the 
shaft and the rudder post, or whether the shaft must be drawn 
forward to permit the propeller to be taken out. In the frame 
shown in Plate 1060, it is possible to use the first method. The 
aperture is 6 feet 10 inches between the forward side of the 
rudder post*and the after face of the boss, or enlargement, of 
the propeller post through which the propeller shaft passes. 
Draw a dot-and-dash line representing the center line of the 
shaft 7 feet 7 inches above, and parallel to, the base line. Draw 
the straight vertical line for the after face of the boss 2 feet 
3 inches Jong and with its center on the center line of the shaft. 
Locate a point on the 6-foot water-line 7 feet 14 inches for- 
ward of the rudder post and also a point on the base line 
5 inches aft of frame r22. Connect these by a light pencil line 
which locates the after side of the propeller post. With a 
radius of 44 inches, draw an arc tangent to this line and meet- 
ing the lower face of the boss. 

With a radius of 2 feet 7 inches, draw an arc tangent to the 
top of the shoe and the after side of the lower part of the pro- 
peller post. Draw another pencil line parallel to and 144 inches 
forward of the after side of the propeller post, and from a 
point on this line 9 inches above the base line draw a pencil line 
to the top of the forward end of the shoe. With a radius of 
9 inches, draw an arc tangent to this line and the lower for- 
ward side of the propeller post. 


32. Draw a vertical line 14 inches forward of the after 
face of the shaft boss, and with a radius of 45 inchesgdraw an 
are tangent to this line and through a point on the forward side 
of the propeller post 5 feet 34 inches above the base line. This 
point is the upper forward corner of a scarf extending 2 feet 

4 inches downwards. The scarf ends are perpendicular to 
the sides of this part of the propeller post. The lower end is 
shown by a full line and the upper end dotted, which indicates 
that the upper part of the stern frame is on the near side and 
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the lawer part on the far side. A cast stern post of this size 
is better to be made in two pieces, but if forged it could be 
made in one piece. 


33. At the 9-foot water-line the after side of the propeller 


post is 7 feet 14 inches forward of the forward side of the 
rudder post. With a radius of 45 inches, draw an arc tangent 
to a vertical line through this point, the are passing through 
the top of the after face of the boss. With the center on the 
9-foot water-line and a radius of 10 feet 6 inches, draw an arc 
outlining part of the after side of the propeller post. With its 
center on a line 10% inches forward of the forward side of the 
rudder-post scarf, draw an are tangent to the one just drawn 
and tangent to the top of the arch. The radius will be about 
4 feet 10 inches. Draw the forward side and top of the propeller 
post and arch by drawing arcs with the same center as the 
above but with 10 inches more radius. 


34. Ata point 48 inch aft of frame 122 is the forward 
side of a horn or vertical projection from the arch of the stern 
frame. This horn is attached to a floor plate on this frame, the 
floor being .48 inch thick. Of course, .48 inch will be drawn 
as 4 inch. The horn extends to a point 18 feet above the base 
line and is 3 inches wide fore and aft at the top. The back 
slopes toward a point 8 inches aft of the front on the 16-foot 
water-line. The back of the horn and top of the arch are con- 
nected by an are of 4-inch radius. Show a dash line indicating 
Prame £22. 


35. In the Detail of Intermediate Pintles, on Plate 1061, 
note that the pintle, piece 6, is covered by the composition 
bushing, piece 8, which is fastened to piece 6 by the machine 
screw, piece 12. The pintle and bushing turn in the bushing, 
piece 9, which is set into the gudgeon on the stern post. The 
outside diameter of this latter bushing is 5$ inches and it rests 
on a shoulder $ inch from the bottom. In the Detail of Lower 


Gudgeon the shoulder on which piece 9 rests is dimensioned 
43 inches from the top. This checks with the + inch from the 
bottom in the others, the total.depth of the gudgeons, except 


the bottom one, being 5 inches. 
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Therefore, in drawing the stern frame show dotted the holes 
in the gudgeons for the pintle bushings—54 inches in diameter 
for 42 inches from the top and 44 inches diameter at the bottom. 
The centers of these holes are, of course, on the center line of 
the pintles. Through a point on the after side of the rudder 
post 22 feet 11 inches above the base line, draw a line upwards 
from the forward side of the post and at an angle of 60 degrees 
with the post. This line is the under side of the overhang, or 
counter, as the part of the hull aft of and above the stern frame 
issoiten called. See Fig. 5 at x. 

From this line to the rabbet in the bottom of the stern frame 
there is a dotted line which represents the edge of the shell- 
plating lap on the stern frame. Along the top of the rudder 
post and along the arch and down the propeller post, this line 
is 1 inch forward of the edge of the frame; at the junction of 
the arch and the rudder post it. is an arc with a radius of 
163 inches, the center of which is 13 inches below the center 
of the 9-inch radius of the inner or forward side of the frame. 
Across the boss this edge continues as a straight vertical line ; 
at the bottom of the propeller post it follows an are passing 
through the top of the rabbet and tangent to the edge line on 
the lower propeller post and having a radius of 223 inches. 
This radius is chosen such that it will be equal to the lap of the 
plating on the propeller post (143’”—1”=133 inches) plus the 
radius at the inner side of the propeller post. 

Concentric with the center line of the shaft, draw dotted the 
bores for the stern tube in the boss. The cast-iron stern tube 
contains the bearings for the propeller shaft. For 12 inches 
‘from the after face of the boss this is 182 inches finished diam- 
eter, and at the forward face of the boss it is 19 inches finished 
diameter. With the exception of rivet lines and dimensions, 
the stern-post part of this view is now complete. 


36. At a point 2 inches, actual measurement, from the 
right-hand border, draw the center line of the elevation marked 
Propeller Post Looking Aft. This view shows the flare 
of the propeller post where it merges into the shoe, and also 
shows the propeller boss. This post is generally 10 inches fore 
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and aft and 6 inches wide. Draw two pencil lines 3 inches 
each side of the center line. Continue these to the top of the 
horn, 18 feet above the base line, and connect the lines at the 
top. At the center line of the shaft, projected from the other 
view, draw two circles in full lines representing the finished 
holes bored in the boss, the hole at the after end being 182. 
inches diameter and the counterbore 2 inches deep at the for- 
ward end and 19 inches in diameter. On the sample plate 
these two circles run together forming a heavy line, but they 
can be shown separate on the drawing. The counterbore gives 
the stern tube a fore-and-aft support. When the stern post is 
cast, the hole in the boss is cored 16% inches in diameter, as 
dimensioned, and after it is erected in place on the ship the 
finished borings are made. The outside diameter of the boss 
is shown by the outer circle, which is 2 feet 3 inches diameter. 

The boss merges into the 10”X6” part above and below 
by arcs of 13%-inch radii tangent to the boss circle and the 
parallel sides of the post above and below. The dotted 
circle indicates the edge of the boss at the after end where it 
projects beyond the main portion of the post. Project over 
from the elevation of the propeller post the line 5 feet 34 inches 
above the base where the arc of 44-inch radius meets the for- 
ward side. The top of the scarf is also in this line. Project 
over the lower line of the scarf. The length of the scarf will 
not be shown in its true length in this view, as the scarf is at an 
angle with the vertical. The thickness of the ends of the scarf 
is shown as § inch. As the top of the lower part of the pro- 
peller post, piece 1, is shown on the far side of the side eleva- 
tion, it will be shown in the right-hand side of the end elevation. 
Draw the diagonal line between the two ends, noting that this 
surface is finished and marked with the designating f. From 
points 20 inches above the base line, continue the side lines flar- 
ing out to the 10-inch width of shoe, or the bottom part of the 
stern frame, as is also shown in the plan view under the side 
elevation. The bottom of the propeller post is .54 inch (drawn 
% inch) below the base line, and the top of the forward end of 
the stern frame is 14 inches above the bottom. This forward 
end is represented by the two horizontal lines. 
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37. Draw the center line of the plan view 1% inch, actual 
distance, below the molded base line of the elevation. This 
view shows the width of the shoe and the forward projection 
of the stern frame into the hull. Mark the after perpendicular 
and frameson the center line. Draw the side lines 5 inches each 
side of the center line and let them extend parallel to each other 
from the forward end to a point 15 inches forward of the after 
perpendicular, from which point they fair in to the sides of the 
lower gudgeon referred to a little later. Project in dotted line 
the rabbet 10 inches forward of frame 122. At the after per- 
pendicular the post is 6 inches wide. Draw the cross-hatched 
section of the rudder post 8$ inches long forward from the 
after perpendicular and 6 inches wide. From the forward 
corners of this rectangle draw diagonal lines 5 inches long 
extending toward the sides of the shoe. These indicate to the 
patternmaker about the distance in which he must swell out the 
casting from 6 inches to 10 inches width. Locate the center line 
of the rudder stock 4} inches aft of the after perpendicular. 
The projection of the lower gudgeon is the same as that of the 
intermediate gudgeons shown in Detail of Intermediate Pintles, 
on Plate 1061. With the center of the pintles as a center, draw 
an are with a radius of 42 inches and connect this to the main 
post by fillets having a radius of 3 inches and tangent to the 
larger arc and to the sides of the rectangle. The small whole 
circles with their center at the center line of pintles represent 
the 44-inch-diameter bore and 5$-inch-diameter counterbore in 
the gudgeon, as shown in the side elevation. Project down on 
the plan a cross-section of the propeller post perpendicular to it 
and at the lower end of the scarf. This will be the true width, 
6 inches, but not the true length. This section is cross-hatched 
to indicate cast steel. From all the corners of this section 
draw diagonal lines 6 inches long toward the sides of the shoe 
to indicate in a general manner the shape or type of casting. 
The exact cross-section shape for the forward projection of 
the stern frame should be obtained from the mold loft to insure 
a fair surface with the after frames. This information, 
obtained by templets, enables the patternmaker to shape the 


forward end correctly. 


5) SHIP DRAFTING SG. 


38. The flat keel plate is attached to the forward-project- 
ing part of the stern frame by a line of vertical rivets 14 inches 
in diameter on each of the center lines. These rivets are 
3 inches from the center line, the forward rivets being 2 inches 
from the end. These rivets are spaced 52 inches apart, and 
there are fourteen pair, the after pair being 2{ inches forward 
of frame r2r. Show these in the elevation by fine full lines 
at the proper spacing and extending through the casting. In 
the plan they are indicated by the small ticks on the rivet lines. 
At a distance of 2 inches from the after end of the keel plate 
and 3 inches each side of the center line, are located two 
14-inch tap rivets. These are threaded and similar to bolts. 
When these are turned into the tapped holes as far as they 
will go, the head is chipped off. In this case their purpose is 
to hold the end of the plate firmly in place to enable the end to 
be caulked, and to hold the caulking after it is done. The keel 
plate is further secured to this part of the casting by four 
horizontal 14-inch through rivets 52 inches apart, 2 inches 
above the bottom of the casting. These are a continuation of 
the row down the propeller post and although shown here with 
the third from the front at frame 121, these are located on the 
casting by the patternmaker or in the mold loft. Draw the 
14-inch tap rivets in the elevation centered 2 inches forward 
of the rabbet and 2 inches above the bottom of the casting. 


39. The end elevation of the Rudder Post Looking For- 
ward is next drawn with its center line 52 inches from the 
left-hand border. Draw the sides 3 inches, to scale, each side 
of the center line and extending from a point 18 inches above 
the base line to the top, 26 feet above the base line. The point 
18 inches above the base line is the top of the lower gudgeon. 
These side lines will be dotted where they are hidden by the 
projection of the rudder gudgeons. These gudgeons are 4 feet 
2; inches apart, measured from the top of one to the top of 
the other, and are 54 inches deep. In the Detail of Inter- 
mediate Pintles, on Plate 1061, the radius of the gudgeon is 
marked 4% inches. Hence the end view will be 8? inches wide 
centered on the center line of the pintles. The drawing of the 
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holes in the gudgeons will be the same as in the side elevation. 
Project on the scarf and show its ends = inch thick. 

The width of 8} inches is continued for the depth of the 
lower gudgeon, which is 5 inches at the after end and more at 
the forward part on account of the downward slope of the 
bottom. From this parallel 8}-inch part, the sides of the eleva- 
tion spread out to a width of 5 inches each side the center line. 
Draw these side lines 5 inches each side the center line and 
extending 1.14 inches (draw 1 inch) below the base line. 

It is necessary next to find the height at which this 5-inch 
half width appears on the end elevation. The after end of the 
5-inch half width was given in the plan as 15 inches forward 
of the after perpendicular. Project this point up to the sloping 
line of the bottom of the shoe in the side elevation and from 
there project this height to the end elevation. This will be 
found to be 7 inches above the base line. Draw curves tangent 
to the side lines at this height and cutting the center line at the 
height of the after end of the gudgeon; these curves represent 
the swell of the sides joining the thickness at the gudgeon to 
the wider part of the shoe forward. 

The upper side of the shoe at its lowest point is projected 
from the side view and is represented on the end view by a 
dotted line. Draw the hole in the gudgeon showing the opening 
at the bottom as an ellipse, it being the projection of the inter- 
section of a circle and an inclined plane. 

Next, on the side elevation, draw the cross-section of the 
shoe taken at a point 42 inch, actual distance, measured along 
the slope of the shoe from the after perpendicular. Draw a 
dash line perpendicular to the bottom of the shoe, and } inch, 
actual measurement, from the top of the shoe draw the cross- 
section of the shoe perpendicular to the dash line. Make the 
corners very slightly rounded and cross-hatch for cast steel. 


40. Next draw the rudder on the side elevation, taking 
from details on Plate 1061 any dimensions not otherwise shown. 
In actual practice, these dimensions would be known in advance, 
so the detail drawings are really developments of the general 
plan instead of the general plan being developed from the 
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details. Many of the sizes of the parts are fixed by the classi- 
fication society rules and vary for different diameters of stock. 
The rudder stock is the standard from which other parts of the 
rudder are determined. It is more convenient to show some 
of these dimensions on the detail drawings than on the general, 
or assembly, drawing. 

First draw a horizontal pencil line 20 feet 1 inch, to scale, 
above the base line. This is the line of the joint between the 
stock, piece 3, and the rudder frame, piece 4. Draw the dot- 
and-dash center line of the main piece of the rudder frame 

4 inches aft of the center line of the rudder stock and pintles. 
In the Detail of Rudder Stock Coupling and Upper Pintle, on 
Plate 1061, the diameter of the top part of this main piece is 
seen to be 74 inches. Accordingly, locate the forward ends of 
the flanges of pieces 3 and 4, 32 inches forward of the center 
line of the main piece. From the same detail, the diameter of 
the coupling flanges is found to be 18 inches and the thickness 
24 inches. Draw the flanges to these dimensions. Draw the 
two dotted lines—one $ inch above and one $ inch below the 
joint line—to indicate the top and bottom of the key, which, 
with the bolts shown in the detail, secures the stock of the rud- 
der frame ; the bolts need not be shown on this view. Draw the 
vertical dotted line 1 inch forward of the after edge of the 
coupling and extending up from the lower horizontal dotted 
line. This is the keeper, or retaining key, for the coupling 
shown as piece 19, in the detail on Plate 1061. 


41. Draw the cylindrical part of the stock, piece 3, extend- 
ing above and below the counter line and broken at the top. 
The stock is 74 inches in diameter and its center line is, of 
course, identical with the center line of the pintles. Above 
the joint between rudder and stock, with radii as shown in the 
detail on Plate 1061, and located as there shown, draw arcs 
tangent to the forward and after sides of the stock. These 
arcs are continued to the coupling flange on the stock. Cross- 
hatch the break of the stock at the top for cast steel. 


42. ‘Locate the bottom of the rudder frame 18% inches 
above the base line, thus leaving a space of } inch between the 
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pintle and gudgeon. The same distance is allowed between 
other gudgeons and pintle lugs. In the view marked Rudder 
Frame and Plate Looking Forward, it will be seen that the five 
pintle lugs are each 5$ inches deep. It is more convenient to 
put several of the dimensions for the rudder on this end view 
than on the side elevation, therefore some of the required 
dimensions may be taken from that view. The arms, which, 
alternating on the two sides, project aft from the main piece 
and support the rudder plate, piece 13, are located at the pintle 
lugs; therefore, the lugs and arms are located by dimension to 
the centers. The center of the second pintle from the bottom 
is 4 feet 442 inches above the bottom of the rudder frame and 
the other pintle lugs and rudder arms are 4 feet 2} inches 
center to center. Obviously it makes no difference whether 
the dimension is from center to center or top to top if it is the 
same. As the pintle lugs and rudder gudgeons must all bear 
the same relation to one another, the above dimensions fulfil 
the case; for, subtracting 2;% inches, which is half the depth 
of the lower pintle lug, from 4 feet 443 inches, gives the dis- 
tance between the centers of the two lower pintle lugs to be 
4 feet 214 inches, the same as elsewhere. From the Plan of 
Rudder Arms, it is seen that the pintle lugs have a radius of 

$ inches at the forward end. This dimension also fixes the 
width transversely as twice the radius, or 7 inches. 

Draw all the pintle lugs with their bottoms } inch above the 
gudgeon and 54 inches deep. Show them in solid lines from 
the center line of the main piece to 35 inches forward of the 
center line of the pintles. Show small round corners drawn 
freehand at the forward ends. 


43. As the twisting moment on the main piece of the frame 
decreases toward the bottom, the diameter is reduced from 

4 inches at a point 9 inches below the coupling to 53 inches 
at the top of the lower pintle. Show this tapered main piece, 
using light pencil line for the after side, as it is to be a dotted 
line in places, and on the forward side omit it at the pintle lugs. 
A fillet is drawn freehand at the top and bottom of the lugs, 
the scale being too small to show the actual radius. Connect 
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the after side of the main piece with the under side of the 
coupling flange by an arc of 9-inch radius drawn in full. Draw 
the after edge of the rudder plate parallel to and 4 feet 
74 inches aft of the center line of the main piece. With a 
4-foot radius, draw an arc of a circle tangent to the after edge 
of the rudder plate and tangent to a horizontal line through the 
bottom of the main piece of the frame 18} inches above the 
base line. From the lower after corner of the coupling flange 
on the main piece of the frame, draw a light pencil line to meet 
the line of the after edge of the rudder plate continued at a 
point 3 feet 3 inches below the joint between the stock and the 
main piece. Draw an arc of a circle of 5-foot radius tangent 
to this line and to the after edge. These two arcs and the 
straight lines between and beyond each constitute the top, 
bottom, and after edge of the rudder plate. 


44, The three center arms supporting the rudder plate are 
alike and extend from the main piece to 1 inch from the after 
edge of the rudder plate. These arms are 5} inches wide at 
the after end and 7} inches at the center line of the main piece. 
Draw these arms, noting that the middle arm is on the far side 
and hence in dotted lines and the other two are on the near 
side of the plate and hence in solid lines: In the Plan of 
Rudder Arms these arms are shown to be 44 inches thick at 
the main piece, and these lines are shown extending slightly 
forward of the center line of the main piece. The reason for 
this will be seen when drawing the detail of intermediate pintles 
on Plate 1061. The arms are connected to the main piece by 
a large fillet of 12-inch radius. 

The upper side of the upper arm extends to a point 1 inch 
from the edge of the plate and 3 feet 3 inches from the center 
line of the main piece. Locate this point and draw a light 
pencil line through it parallel to the edge of the plate. Also 
draw a light pencil line through the top of the arm at the center 
line where the arm is 7} inches deep. With a radius of 2 feet, 
draw an arc of a circle tangent to these lines. The end of this 
arm is 5} inches deep and perpendicular to the edge of the 
plate, at its after end. Show the lower side of similar shape to 
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the top. The fillet connecting the arm to the main piece is of 
12-inch radius for the lower side and of 3-inch radius for the 
upper, this latter dimension being shown on the Detail of 
Rudder Stock Coupling and Upper Pintle, Plate 1061. 

The lower arm follows the contour of the plate to a point 
3 feet 7 inches from the center line of the main piece. Its end 
is 5; inches deep, perpendicular to the plate edge, and its top 
side is similar to the bottom, widening out to the 74 inches 
depth of the main piece. There is a fillet of 12-inch radius at 
the top. Both the upper and the lower arms 
are on the far side and hence are dotted. 

Between the rudder plate and the after 
side of the main piece, there is a space of 
yg inch. This space is too small to show on 
the arrangement drawing but it can be seen 
in the Detail of Rudder Stock Coupling and 
Upper Pintle on Plate 1061. The after side 
of the main piece is drawn in full lines 
except where the rudder arms are on the 
near side, in which places it is dotted. 


45. Next draw the view of the Rudder 
Frame and Plate Looking Forward. This 
will be better understood by reference to 
Fig. 7, which is an enlarged end view of 
one arm. Draw the dash-and-dot center 
line of the end view of the rudder 342 
inches from the left-hand border. Locate 
the joint of the coupling 20 feet 1 inch 
above the base line and draw the two circular flanges from 
given dimensions. Show the keeper, or retaining key, piece 19, 
as dimensioned and drawn in the coupling detail on Plate 1061. 

At a distance of ;®; inch, actual measurement, from the top 
border locate the top of the stock. The upper part is 2 feet 

$ inches long and 72 inches in diameter. Connections to 
the steering gear are usually drawn after this drawing is 
devéloped; therefore, to allow for the development of this 
part it is shown large at this stage of the design and then 
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turned to the required size as would be shown on the later 
plans. Hence the note shown on the plate. The remainder of 
the stock is 74 inches in diameter. As there is not room to 
draw this full length and as this part is of constant diameter, 
it is shown broken. Cross-hatching for cast steel is to be 
drawn at the break. The 6-inch allowance marked on the 
length is for the same purpose as the enlarged diameter. Draw 
in full lines the edges of the plate $ inch each side of the 
center line. These lines will, of course, extend to the bottom of 
the rudder, which is 18? inches above the base line. 

By light pencil lines, locate the top and sides of the lower 
pintle lug and the horizontal center lines, tops, bottoms, and 
sides of the other pintle lugs. The depth of the pintle lugs is 

4 inches and the projected width 7 inches. Draw the projec- 
tion of the main piece 7+ inches in diameter at the top and 54 
inches diameter at the lower pintle lug. This is a straight taper. 

Alternating on the two sides of the rudder, represent the 
rudder arms by full vertical lines 4$ inches off the center and 

+ inches long, with the center of the length at the center of 
the pintle lugs. See Detail of Intermediate Pintles, Plate 1061. 
These lines represent the sides of the rudder arms at the main 
piece. One inch from the side of the rudder plate at the.three 
middle lugs, and on the same side as the lines just drawn and 
centered the same, draw full lines 5} inches long. At the top 
and bottom of these lines draw full lines to the rudder plate. 
The rectangles thus formed represent the end views of the 
arms. For the top and bottom arms, these rectangles are pro- 
jected from the side elevation. Connect the outboard corners 
with the ends of the 7{-inch lines, thus completing the projec- 
tion of the arms. For the three center arms these lines are 
straight, but for the upper and lower arms they will be slightly 
curved inward, as they are projections of lines curved in the 
side elevation but straight in the plan view. 

The large 12-inch fillets where the arms join the stock are 
shown in this projection by lines extending from the ends of 
the 74-inch line to points 12 inches above and below the outer 
ends and 1 inch from the side of the plate. These fillets actu- 
ally start before the width gets to 7} inches, but the difference 
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is too small to show here. No horizontal line is drawn at the 
ends of these curved lines because at that point the fillet is 
tangent to the stock. Draw full vertical lines 1 inch from the 
plate from the ends of these curved lines to the arm, to repre- 
sent the edges of the fillets. 

In inking this view make dotted all lines not actually seen 
from aft, which are the parts of the pintle lugs behind the 
stock or the arms, and the side lines of the stock behind the 
arms. 


46. Next draw the view, Plan of Rudder Arms. At the 
same height as the center lines of the second and third pintle 
lugs from the top, draw dot-and-dash lines to represent the 
center lines of the ship. At a distance of 22 inches from the 
left-hand border, draw a vertical dot-and-dash line extending 
above and below the lines first drawn. The intersection of 
the three is the center line of the rudder stock. Aft of and 
parallel to this vertical line draw a similar one at a distance of 

+ itiches to a 2-inch scale. The intersection of this line and 
those first drawn is the center line of the main piece of the 
rudder frame. 

With these lines as centers, draw the Plan of Rudder Arms 
similar to the plan view shown in Detail of Intermediate 
Pintles on Plate 1061. Omit the pintle nuts, but describe two 
dotted circles, one 3 inches diameter and the other 34 inches 
diameter, to represent the holes for the pintles. Also, in this 
small-scale view the arm is shown complete, with no break in 
the plate and arm as in the detail. 

The drawing of the arms just referred to, the drawing of the 
lifting eyebolt, piece 17, and of the riveting of the scarfs in 
the stern frame, should be deferred until after drawing these 
details on Plate 1061. The riveting on the shaft boss in the 
side elevation will be indicated as shown, the rows being located 
relatively to the plate edge, the same as in the scarfs. Being 
ona curved surface, the projection will not be the exact spacing. 
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PLATE 1061, TITLE: STERN FRAME AND 
RUDDER DETAILS 


47. Plate 1061 consists of details of the stern frame and 
rudder shown on Plate 1060. 

The first view to be drawn is Detail of Intermediate Pintles, 
and the scale to be used is 14 inches=1 foot. A sectional plan 
and an elevation are to be shown. Draw the vertical center 
line of the main piece 52 inches, actual distance, from the right- 
hand border. Draw the center line of the pintles 84 inches, to 
scale, forward of the center line of the main piece. For the 
elevation, draw the horizontal center line of the rudder arm 

+ inches, actual distance, below the top border, and for the 
section draw the center line of the blade, or center line of the 
ship, 1} inches below the border. 


48. First draw the elevation. The diameter of the main 
piece, as has been shown on Plate 1060, varies from 74 inches 
at a point 9 inches below the coupling to 54 inches at the top 
of the lower pintle. Show the main piece 7 inches in diameter 
in this sketch and extending 15 inches above and 18 inches 
below the center of the arm. Show cast-steel cross-hatching 
where this is broken off. Draw the arm 7+ inches deep at the 
center of the main piece and 54 inches deep at the end. The 
arm is broken, and the after end is shown 4 inches, actual dis- 
tance, from the center line of the main piece. Draw the top 
and bottom lines converging according to the dimensions, but 
with allowance made for the break. Draw light center lines for 
rivets 1} inches from the top and bottom edges. Locate the 
rudder-plate edge ;/g inch, actual measurement, aft of the after 
side of the main piece of the frame. The aftermost rivet in the 
top row is 1{ inches from the end of the arm and the forward 
rivet in the lower row is 1 inches aft of the plate edge. Other 
rivets are located as specified by the note on the drawing. 
Draw the fillets with 12-inch radius. Show the after side of 
the main piece and the forward edge of the plate dotted behind 
the rudder arm and full elsewhere. Draw in the rudder plate 
and show it broken at top, bottom, and back. 
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Locate the vertical center line of the pintle lug 84 inches 
forward of the center of the main piece. This lug extends 
3 inches forward of the center of the pintle, as shown by the 
dimension 33-inch radius given on the plan. It is 54 inches 
deep and Jocated on the same center line as the arm and is con- 
nected to the main piece by fillets of 14-inch radius; the upper 
and lower corners are rounded with a #-inch radius. 


49. Inthe plan, draw the main piece 7 inches in diameter. 
As this is tapered and has the top and bottom diameters 
(74 inches and 5$ inches) given on the elevation in Plate 1060, 
no dimension would be given on a working drawing. This is a 
general detail and does not apply to any one arm. Draw the 
arm with the inner edge—that is, the edge next to the rudder 
plate—3 inch from, and parallel to, the center line and of a 
thickness of 1 inch at the outer end. At the inner end the outer 
edge of the arm is 44 inches off the center line, and the arm 
terminates in an arc of 5-inch radius tangent to the main piece. 
The arm is dimensioned 4 feet 65 inches long, 1 inch shorter 
than the width of the rudder plate as shown in Plate 1060, 
where the distance from the end of the arm to the edge of the 
plate is given as 1 inch. Show the end of the arm exactly 
above the end in the elevation. Show the break approximately 
above that in the elevation and draw the outer edge with the 
proper taper, making allowance for the part omitted at the 
break. Draw the rudder plate 1 inch thick, 7 inch from 
the after edge of the main piece of the frame and extending 
1 inch, to scale, aft of the arm. Cross-hatch the rudder plate 
for medium steel. Project up the center line of the top row of 
rivets from the elevation. 


50. With the center line of the pintle as center, draw a 
semicircle of 3$-inch radius for the forward end of the pintle 
lug and continue the sides parallel to the center line back to 
the main piece of the rudder frame. From the point of tan- 
gency of the are of 5-inch radius with the main piece in the 
plan, project to the elevation points to locate the terminations 
of the lines forming the top and bottom edges of the arm. 
Continue the lines that represent the top and bottom of the 
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pintle lugs to the projection of that point in the plan where 
the near side of the lug meets the 5-inch-radius are of the 
termination of the arm. In the plan, draw a line 1 inch from 
the plate and extending aft 12 inches from the main piece of 
the frame. This represents the upper edge of the fillet. 


51. Ata distance of 41 inches forward of the center of 
the pintle in the plan, draw the after edge of the rudder post 
3 inches each side of the center line. Round the corners with 
a 4-inch radius. With the center of the pintle as a center, draw 
the plan of the rudder gudgeon with a 48-inch radius. This 
outline encircles the after part of the gudgeon and merges into 
the rudder post with an are of 3-inch radius. The gudgeon 
is shown dotted below the pintle lug. Cross-hatch the main 
piece of the rudder frame and the rudder post for cast steel. 

In the elevation, draw the gudgeon and rudder post as 
dimensioned and projected from the plan. Note here that the 
eudgeon and pintle lug are } inch apart as was indicated on 


Plate 1060. 


52. In the pintle lug, draw the tapered hole for the pintle 
with a diameter of 3 inches at a depth of # inch below the top, 
and 34 inches diameter at a point $ inch above the bottom. 
In the plan, the hole is shown by a dotted circle 3 inches in 
diameter. The bottom of the lug is counterbored 4} inches in 
diameter and # inch deep to take piece 8, the bushing on the 
pintle, which, however, projects only $ inch into the lug. The 
threaded part of the pintle, piece 6, is 2} inches in diameter 
from the top to a point $ inch below the top of the lug and 
this part is 43 inches long. The part is shown in the plan by 
a circle 24 inches in diameter. 

A full straight line across the pintle $ inch below the top of 
the lug indicates a shoulder on the pintle, at which point it is 
3 inches in diameter, then it tapers for a distance of 32 inches 
below, where its diameter is 34 inches. This diameter extends 
for 6 inches to a point 2 inch above the bottom of the gudgeon. 
Draw the pintle nut, piece 10, and locknut, piece 11, in plan 
and elevation of the proportions as illustrated in Mechanical 


Drawing, Fig. 32, and Table I, except as to depth, which in 
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this case is not standard and is given on the plate. The top and 
the bottom of the locknut are alike. 

The shoulder on the pintle, $ inch below the top of the pintle 
lug, allows the pintle, which is finished throughout its taper 
and the lower parallel part, to be firmly drawn up into the 
pintle-lug hole by means of the nut 10, and then nut 10 is 
locked in place by screwing nut 11 down hard on 10. The top 
of the lug is finished (indicated by f) in order to get a perfect 
seating for the nut. 

To allow the pintle to turn in the gudgeon and not be acted 
on by salt water, it is protected throughout its turning surface 
by a composition bushing, piece 8, which extends 4 inch into 
the pintle lug and is ? inch thick on the bottom, thus being 
flush with the bottom of the gudgeon. The bushing is 2 inch 
thick on the sides, the outside diameter thus being 44 inches, 
and it is held on the pintle by the brass machine screw, piece 12, 
which is located on the center line of the ship and } inch aft 
of the center line of the pintle. The screw is 1 inch long. 

The hole in the gudgeon is finished and is 54 inches in 
diameter down to $ inch from the bottom of the gudgeon, 
below which point the hole is 45 inches in diameter. Fitting 
in this larger hole and surrounding the pintle bushing, is a 
white-metal bushing, piece 9, for the gudgeon. This bushing 
cannot slip out on account of the shoulder in the gudgeon 
4 inch above the bottom, on which the bushing rests. The side 
surfaces of both bushings are finished. By putting tallow above 
the shoulder in the pintle and below the shoulder in the pintle 
lug, the pintle is completely protected from the action of salt 
water. Cross-hatch the various parts as shown. 


53. The Detail of Lower Gudgeon is drawn with the 
center line of the pintle 32 inches from the right border and 
the top of the gudgeon 6} inches from the top border. The 
parts of the pintle lug and pintle and the bushings are the same 
as in the detail just drawn. The total height of the gudgeon 
bushing is marked 48 inches, which is the same as that already 
drawn where the height equals the depth of the gudgeon less 
the shoulder, or 5$ inches—4 inch=4% inches. The gudgeon 


46 SHIP DRAFTING §17 


is 5 inches deep, and from the lower corner it slopes forwards 
to the base line as shown in the side elevation, Plate 1060. In 
the detail to be drawn, lay off the sloping line from the lower 
after corner of the gudgeon, making the angle equal to the 
angle of the bottom of the shoe shown in the Side Elevation 
of the arrangement drawing, in Plate 1060. This angle may 
be constructed by the method given in Problem 7, Geometrical 
Drawing, Part 2. The lower after edge of the gudgeon will 
have a radius of # inch the same as the upper. The only 
difference of this from the detail of the intermediate pintles 
is the slope and the length of the bottom hole. 


54. Next draw the Detail of Rudder Stock Coupling and 
Upper Pintle, also to a scale of 14 inches=1 foot. The ver- 
tical center line of the stock is 62 inches from the left-hand 
border. Locate the joint between the coupling flanges of 
pieces 3 and 4, 4 inches below the top border. Draw the center 
line of the main piece of the rudder frame 8} inches, to scale, 
aft of the center line of the stock. Similarly to the side eleva- 
tion on Plate 1060, draw the outline of the stock and coupling. 
The sloping line of the rudder plate may be determined by 
pencil construction lines laid out as described for Plate 1060, 
but extending only far enough to show the top rudder arm. 
Draw the main piece of the rudder frame extending below the 
joint with piece 3 and including the pintle lug and the top arm, 
the center line of the latter being 1 foot 644 inches below the 
joint, in the manner previously described. The outline of the 
rudder gudgeon and part of the after edge of the rudder 
post extending above and below the gudgeon are next drawn, 
the gudgeon being the same as drawn in the Detail of Inter- 
mediate Pintles. The forward edge of the rudder plate is 
drawn ;'g inch aft of the rudder frame. Draw the center line 
of the rivets 1} inches, to scale, from the top and bottom edges 
of the arm and locate the end rivets in each row from dimen- 
sion given. There are eight rivets in the top row and seven in 
the bottom row spaced equally. 


= ; . : Bee: : 
99. Next draw section AA, which is taken on a line 
8 inches below the bottom of the coupling flange. The arrows 
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pointing upwards indicate that the view is from below. The 
center line of this section is 32 inches, actual distance, above 
the lower border. The main piece of the rudder frame is 
drawn with a diameter of 74 inches. The coupling with its 
forward edge coincident with the forward edge of the main 
piece is next drawn, and then the 1-inch plate is shown broken 
off. The point of tangency of the 9-inch-radius are connecting 
the main piece and the bottom of the coupling flange is pro- 
jected down from the elevation onto the plan, and an arc of 
13-inch radius with its center on the center line is drawn 
through the point thus projected. Straight lines, drawn tan- 
gent to the sides of the main piece and to this arc, complete 
the contour of the intersection of the main piece and the coup- 
ling flange. 


36. Draw the pitch circle of the 2-inch-diameter coupling 
bolts with a 6%-inch radius and locate the end bolts on each 
side 4 inches and 5% inches, respectively, off the center line. 
The ‘intermediate bolts are half way between on the pitch 
circle. At the centers of the bolts, draw circles 2 inches and 
14 inches in diameter, the first being the diameter of the bolt 
and the second the reduced diameter of the bolt below the nut. 
Draw this view of the nuts as shown and dimensioned in 
Fig. 32 and Table I in Mechanical Drawing. Project the 
center lines of the bolts to the elevation and draw the shanks 
of the bolts 2 inches in diameter for a distance 7 inches below 
the top of the upper flange. -Beyond this point, for a distance 
of 1 inch the diameter of the bolt is reduced to 1{ inches, a 
shoulder being thus formed flush with the outer face of the 
nut. In the elevation draw the bolt heads and nuts according 
to the above references. Indicate holes, here shown $ inch in 
diameter, for the split pins, piece 16. These bolts are body- 
bound, or fitted, and hence marked f. 


57. The coupling is further secured against horizontal 
movement by a tapered key on the fore-and-aft center line of 
the rudder. The key, which in the plan view is shown by 
two dotted lines, is 2 inches wide at the forward end and 

4 inches at the after end, and fits in slots } inch deep in both 


48 SHIP: DRAPE TING ole 


the flange on piece 3 and on piece 4. This key is secured in 
place by a straight vertical key, 24 inches wide, fitted in a 
groove 1 inch deep in the after part of the stock, piece 3. The 
three grooves are exactly in line at the after end. The hori- 
zontal key, which is 17 inches long and extends, when in place, 
from the front of the coupling to the bottom of the vertical 
groove, is driven in first. Then the retaining key is put on and 
covers the after end of the first and is flush with the surface 
of the coupling. This retaining key is held in place by a 
No. 34 standard flat-head countersunk machine screw, 2 inches 
long. 

The head is drawn 1 inch in diameter and the shank 2 inch in 
diameter. The center of the screw is 1 inch below the top of 
the flange on the stock. 

In the plan, the vertical key is shown by a straight dotted 
line 1 inch from the after side at the center of the horizontal 
keyway. Draw the bottoms of the horizontal grooves in the 
elevation $ inch above and below the joint and the upper one 
extending to 1 inch from the after side at the center line. A 
vertical dotted line shows the vertical key which covers the 
end of the horizontal key, and the vertical key is secured by the 
brass machine screw. All surfaces of both keys are machined. 
Draw the end view, which is self-explanatory, with the center 
line 14 inches from the right-hand border. 


58. In the elevation, the holes in the gudgeon and in the 
pintle-lug bushing, piece 9, and the nuts, pieces 10 and 11, are 
the same as described in Detail of Intermediate Pintles. This 
pintle has a head which prevents the rudder jumping out of the 
bearings ina seaway. The straight part of the pintle, 34 inches 
in diameter, extends for 6{ inches, instead of 6 inches as in 
the other view. Below this is a flat head, 5 inches in diameter 
and 2 inches deep. The composition bushing, piece 7, extends 
to the under side of the head, the lower corners of which are 
slightly rounded off freehand. The pintle and bushings are 
here shown in dotted lines, while the gudgeon and pintle lugs 
are not broken away or cross-hatched as they were in the other 
detail. 
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59. Next draw the details of the scarf riveting to a scale 
of 1 inch=1 foot. First draw the scarf in the rudder post 
with the after side of the post 7% inches from the left-hand 
border. Locate the top of the scarf 4$ inches above the lower 
border. Next locate the top of the gudgeon below the top of 
the scarf. From the side elevation in Plate 1060, the top of the 
scarf is 16 feet 3 inches above the base line. From the view 
of Rudder Post Looking Forward, on the same plate, the top 
of the gudgeon is found to be 16’ 3’— (18”+3X4’ 24”) =2 feet 

+ inches below the top of the scarf. Draw the gudgeon as per 
dimensions previously described. Draw the outline of the 
scarf and stern frame from dimensions here given. Locate 
the rivet lines and tick the rivet centers as required. 


60. The scarf in the propeller post is to be drawn at the 
proper slant. In this case mark a point on the lower border 
line 6 inches from the right-hand border. Then, 4% inches 
from the right-hand border and 5 inches above the base line 
mark another point. Through these points draw a line which 
will be the forward side of the propeller post. Draw a line 
144 inches (to 1-inch scale) aft of and parallel to the first line. 
This is the after side of the propeller post. Locate the top 
forward corner of the scarf 4 inches, actual measurement, 
above the border and along the line of the forward side. The 
scarf is 2 feet 4$ inches long, therefore from the top and bot- 
tom ends draw lines perpendicular to the sides of the post, the 
top dotted and bottom full. Continue the sides below the scarf 
and the after side above the scarf. The edge of the shell plate 
is 1 inch from the after edge of the post and is indicated by a 
dash line. Rivet lines and rivets will be located where shown. 
Only the two after rows of rivets are continued above and 


5 


below the scarf, the spacing clear of the scarf being 53 inches. 


61. Next draw the Eyebolt. To lift the rudder from the 
gudgeons for removing it or for overhaul of the pintles or 
the deck bearing, an eyebolt is provided in the top of the rud- 
der stock. Incidentally it may be noted that the weight of the 
rudder is not carried by the pintles, but by a bearing on the 
deck, so that the only work which the pintles perform is to 
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resist side pressure and serve as bearings on which the rudder 
turns. The eyebolt is to be drawn to a scale of 6 inches 
=1 foot. 

Draw the vertical center line of the eyebolt 14% inches, actual 
distance, from the right-hand border. At a distance of 3% 
inches below the top border, locate the shoulder or base of the 
eye, which is drawn 2? inches in diameter and 7% inch thick, 
to scale. Locate the center of the eye 2} inches above the 
shoulder and draw the inside of the eye 25 inches in diameter 
and the outside 4% inches in diameter. The latter is not a 
complete circle but is connected to the top of the base by arcs 
of radii of ;3; inch that are tangent to the sides of the base. 
The shank is 14 inches in diameter and 2 inches long below the 
shoulder. A groove is shown cut immediately under the shoul- 
der to allow the screw-eye to be bolted up snug to the rudder 
stock. The threads are drawn and shown in the manner 
explained in Mechanical Drawing, Plate 1003. 


62. Below the elevation, draw Section at BB, locating 
the shoulder 544 inches below the top border. Make the 
height above the shoulder at the center equal to that in the 
upper elevation, With a center on the center line of the sec- 
tion and a radius of 7% inch, same as the wire radius of the 
eye, draw an are. On each side connect this arc to the flat 
top of the shoulder by arcs of 3-inch radius. Show a portion 
of the screw as before. Cross-hatch the lower section. This 
plate is then to be finished by putting on all the lettering and 
dimensions, also the material list and the title and number of 
the plate. 


63. When these details are completed, the parts that were 
left incomplete on Plate 1060 should be finished according to 
the instructions given in connection with the drawing of the 
details. Then both the plates are to be completed by putting 
on all the lettering and their respective titles and numbers, the 
schedule of parts, or material list, for the two plates being put 
on Plate 1061 as shown. 
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PLATE 1062, TITLE: AIR PORT 

64. Ships, like buildings, require windows for the admis- 
sion of light and air. But, through the sides of a vessel and 
through the sides of some deck houses, the windows in a ship 
are circular instead of rectangular. In some deck houses, 
more particularly in large passenger steamers, special rectan- 
gular windows are provided. In steel structures, these win- 
dows are practically 
always set in cast- 
metal frames. 

Circular windows, 
often called lights, if 
made to open are 
called air ports; those 
that do not open and 
are for the admission 
of light only are 
called fixed lights ; the 
circular frame hold- 
ing the glass is called 
the light-frame, and 
the glass itself is often 
spoken of as a light. 

A cover, either 
hinged or _ portable, 
which can be put over 
the inside of the air 
port is called a dead 
cover or dead-light. 
Such a cover when closed keeps the inside illumination from 
shining outside and also keeps the compartment dry if the 
glass becomes broken. Water-tightness is obtained by having 
the window or deadlight close against a rubber gasket to which 
it is held fast by dogs or hinged bolts and ring nuts. 

Fig. 8 shows an air port and dead cover. In this view, a is 
the port-frame, b the light frame, c the dead cover, d the dogs 
for holding them shut, and e and f are lugs by which either the 
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dead cover or the light-frame, or both, can be fastened open 


when desired. 


65. On Plate 1062 are shown an elevation of and a cross- 
section through an 11-inch air port and its dead cover. The 
air port consists of a malleable cast-iron frame, piece 1, called 
the port-frame, which is fastened to the shell by twelve 3-inch 
tap bolts, piece 14. Piece 2, though not shown, is the same 
as piece 1, except that it is left-handed; that is, it has the 
hinge on the other side, being so made for use on the opposite 
side of the ship. There are lugs on the right-hand side of 
this frame, piece 1, and hinging in these on the pin, piece 3, 
is the composition light-frame, piece 4, which contains the 
glass, piece 5. The glass is held in piece 4 by the retaining 
ring, piece 6, which is threaded and screws up inside of piece 4. 
The glass is sealed in the light-frame, piece 4, by white- 
lead putty. A groove in the outer side of piece 4 contains a 
rubber gasket, piece 7, which is compressed against the port- 
frame, piece 1, when the four ring nuts, piece 8, on the dogs, 
pieces 9 and 15, are screwed down against the lugs cast on 
the light-frame, piece 4. 

The dogs are hinged on pins, piece 10. These dogs, or 
tumble bolts, swing up into the lugs cast on piece 4, which 
lugs are hollowed out in a straight taper that fits the tapered 
bottom of the ring nuts. A shoulder is cast on the foot of the 
dog, as shown on the partial detached view at the left side of 
the plate. This shoulder keeps the dog perpendicular to the 
frame and thus facilitates the proper seating of the nut in the 
hollowed-out lug. The dog can turn on its hinge away from 
the port-frame and lie against the shell. 

The cast-iron dead cover, piece 11, is hinged at the top on 
the pin, piece 3, which is held in lugs cast on piece 1. Hinge 
pins, piece 3, are held in place by 4-inch split pins, piece 12, in 
each end. The dead cover has a groove containing a rubber 
gasket, piece 13, similar to the groove and gasket in the light- 
frame. This gasket is held tight against the round-pointed 
edge of the retaining ring, piece 6, when the two ring nuts, 
piece 8, on the dogs, piece 15, are screwed down tight on the 


sey SHIP DRAFTING D3 


CA 


two lugs cast on the dead cover. The dogs, piece 15, hinge 
on pins, piece 10, in lugs cast on the port-frame, piece 1. 
Pins, piece 10, are held in place by split pins, piece 12, in the 
ends. Nuts, piece 8, are kept from being screwed off the dogs, 
pieces 9 and 15, by split pins in the upper end of the dogs. 
The lugs on the dead cover are similar to those on the light- 
frame. <A lug is cast on the bottom of the dead cover, as shown 
on the elevation and in a detached view, by which a hook on a 
chain (not shown) can hold the dead cover when swung up on 
its hinge so as to be clear of the port; then the nuts which hold 
the dead cover tight may be screwed down farther on the dogs, 
piece 15, so as to be in contact with the lugs cast on the light- 
frame, piece 4. 

As will be seen in the elevation, the dead cover has only two 
lugs and these are held by the dogs, piece 15; these lugs are 
shown in the upper right and the lower left quadrants. There 
are, however, four lugs on the light-frame, two of which are 
immediately under those on the dead cover and therefore held 
by the same dogs, piece 15, and the other two, shown in the 
upper left and the lower right quadrants, are held by the shorter 
dogs, piece 9. In the upper quadrants, the ring nuts, piece 8, 
are shown in place on the dogs, pieces 9 and 15; in the lower 
quadrants the nuts and dogs are not shown. 

A lug in the elevation is shown at the left of the light-framet 
for holding it open when swung about its hinge at the right. 

The nominal size of the port, 11 inches, is the inside diameter 
of the port-frame, piece 1. 


GG. In describing the drawing of this port, direction away 
from the center of the ship, toward the outside of the shell, 
will be designated as outboard and the opposite direction as 
inboard. Direction away from the center of the port, toward 
its circumference, will be referred to as outside and the 
opposite direction as inside. Thus, in the section, toward 
the bottom is outboard and toward the top is inboard. In the 
elevation, the terms inside and outside have their usual mean- 
ings and they are applied in exactly the same manner in the 


section. 
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The scale of this drawing is to be } full size, or .? inch 
=1 inch. The draftsman’s ordinary $ scale is graduated to 
24ths, therefore dimensions as small as 4 inch can be read 
direct in 24ths, and smaller ones can be estimated. 


67. To draw the plate, first draw a light pencil line 
22 inches, actual distance, above the lower border and extend- 
ing across the plate. This line represents the outboard side of 
the shell plate. Indicate its inboard side by another pencil 
line 44 inch, to scale, above the first. Since the shell plate is 
only incidental, it is not dimensioned on the drawing, the 
details of the air port being the main feature. The opening 
in the plate is shown on the right-hand side by a straight line 
perpendicular to and between the other lines and 14 inches, 
actual distance, from the right-hand border. As the sides of 
the light-frame are ;?; inch thick, the opening in the plate will 
be 11”+2X-,’"=112 inches in diameter. Locate the left-hand 
side of this opening, and on each side, #; inch inside of the 
plate opening, draw light vertical pencil lines to indicate the 
sides of the clear opening of 11 inches in the air port. Locate 
the center of the opening and draw a dot-and-dash center line 
perpendicular to the shell plate and extending to the top border. 
On this, 11 inches, actual distance, above the lower border will 
be the center for the elevation, on which, to scale, draw a 
dotted circle 11 inches in diameter representing the clear open- 
ing. This is dotted because it will be behind the dead cover, 
and the light-frame. 

The port-frame flange, piece 1, is 142 inches wide and is 
qq inch thick except where the lip projects out through the 
shell plate and upwards to make contact with the rubber 
gasket, piece 7. In the plan, locate the outside of the frame, 
piece 1, 142 inches beyond the inside of the clear opening and 
draw the frame 7% inch thick over the shell plate. The corner 
has a 4-inch radius. In the elevation, draw a full circle 11”+2 
%142’”"= 148 inches in diameter which will be the outside of the 
frame. The part of the frame projecting through the shell 
plate is £ inch deep from the inside of the shell and terminates 
in a semicircle 3°; inch in diameter. The center line of the 
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inner lip and also the center line of the rubber in the light- 
frame, piece 4, is on a circle 11} inches in diameter. The top 
of the lip is 7 inch above the top of the flange of the light- 
frame and the tip is an are of ;4-inch radius. The sides are 
arcs of g-inch radii, the inner arc being tangent to the straight 
inside of the frame, and the tip arc and the outer arc being 
tangent to the tip arc and an arc of {-inch radius that is 
tangent to the top surface of the flange. The order of draw- 
ing these ares is that in which they are first mentioned. 


68. The light-frame, piece 4, sets up against the tip of the 
port-frame. This hght-frame is 1%; inches deep, the outside 
diameter of the outboard part is 12 inches, and the outside 
diameter of the inboard part is 11% inches. The outboard 
shoulder is 2 inch deep and is connected to the inner and outer 
sides by small arcs drawn freehand. The inside clear diameter 
of the light opening is 10 inches. The outboard side of the 
frame is beveled ; the diameter at the outside of the bevel is 102 
inches. The bevel is 3% inch deep and the thickness of the 
inner edge of the frame inboard of the bevel is $ inch. To 
make it tight, the glass is set in white-lead putty. In the draw- 
ing, the glass, which is 10$ inches in diameter and } inch thick, 
is shown setting away from the light-frame a distance of g& 
inch and a like distance is indicated between the glass and the 
retaining ring, piece 6. 

When drawing a structure made up of parts that are to be 
assembled one on another, as in this case, it is always advisable 
to sum up the dimensions of the individual parts and check 
them with the over-all dimension of the part. In this case, 
dimensions given on the drawing show that the retaining ring 
screws into the light-frame a distance of + inch and the given 
dimensions of the parts of the light-frame that are outboard of 


the glass are 4 inch and 3% inch. The over-all depth of the 


light-frame is 143; inches. Then the space left for the glass 
is 15; — (4’7 +4’ +e”) =38 inch. As the glass is 7, or 24, inch 


a2 
thick, the clearance is 33’—24”’='5 inch, which, divided 
equally each side of the glass, gives the required ,'; inch clear- 


ance between the glass and the metal. 


17 


TR 


56 SHIP “DRAFTING 


The dimensions of the groove for the rubber in this light- 
frame are shown in the sectional detail at the upper left-hand 
corner of the plate. The inside diameter of the light-frame 
at the outer face of the glass is 10;% inches. This diameter 
continues for + inch, and then for a distance of ¢ inch it tapers 
to the larger 102 inches diameter. In the elevation, draw light 
pencil circles 12 inches and 113 inches in diameter representing 
tne outside of the light-frame. 


69. The outside and inside diameters of the retaining ring 
are 11 inches and 10 inches, respectively. The threads on this 
ring are twelve per inch. The diameter of the tip of this ring 
and likewise the diameter of the center line of the rubber gas- 
ket, piece 13, which closes water-tight on this tip, is 103 inches. 
The depth of the ring is 7 inch and in its normal position 
the outer surface is + inch within the light-frame. Show the 
tip with an are of a radius of ;'g inch and draw the remainder 
of the sections of the ring by the diagonal lines tangent to this 
are, one extending to the outer thread at the level of inside of 
the light-ring and the other to a point 5 inches (half the inside 
diameter) from the center line and 3; inch from the outboard 
surface of the ring. Then draw vertical lines 33; inch deep 
defining the inside diameter, and draw a horizontal line repre- 
senting the face next the glass, this face being 4 inch inside the 
light-frame. The line representing this face and the line of 
the tip, or knuckle, of the ring are continued all the way across, 
as are similar lines of the light-frame and the glass, because 
these will be seen when looking toward the half section. No 
lines representing any part of this retaining ring appear on 
the elevation, as this ring is entirely behind the dead cover, 
piece 11. 


7O. Next, the dead cover is drawn with the surface of the 
rubber in the groove just tangent to the tip of piece 6. The 
groove in piece 11 is the same as that in piece 4, as is shown 
by the dimensions in the detail just below the center of the 
elevation. 

The outside diameter of the dead cover is 114 inches and 
the depth through which this diameter holds constant is 3 inch. 
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At a distance of 33; inch from the outboard face of the cover 
is the outer surface of the flat main part of the cover, and 
this part is 3%; inch thick. The thicker shoulder that extends 
outboard of the flat part all around the edge has an inside 
diameter of 9% inches. 

On the inboard side, the cover is stiffened around the edge 
by a ridge, or circumferential web, that has a diameter of 
105 inches at the center line of the ridge. This is also the 
diameter of the center line of the rubber groove in piece 11 
and also the center line of the tip of piece 6. The total thick- 
ness of the dead cover through the ridge is 3 inch. The top 
of the ridge is formed by an arc of 4-inch radius. The profile 
of the section at the edges is formed by drawing an arc of 4-inch 
radius tangent to the top are and passing through the outer 
edge of the cover 2 inch from the outboard side, and by another 
arc tangent to the top are and to the back of the cover. Draw 
the outer edge of the dead cover in the elevation 114 inches in 
diameter. Show the circumferential ridge, or web, by two 
circles, 104 inches and 102 inches in diameter, both to be drawn 
in light pencil line and not dimensioned. The dead cover is 
stiffened by four radial ridges, or webs, on the inboard side, 
which extend out at angles of 45 degrees each side of the ver- 
tical center line. These webs are 3; inch thick and the sides 
are connected to each other at the center and to the circum- 
ferential web at the side by arcs of 3%-inch radius. 

In the sectional view, a web is indicated as extending right 
actoss the cover, although in the elevation the webs are at 
45 degrees with the center line. This is a conventional way to 
make clear the true cross-section and to define the extent 
of the web. The distance from the top, or inboard, edge of 
the web to the line of the outboard face of the dead cover is 
1 inch at its center and at a distance of 22 inches from the 
center it is +8 inch. The contour of the top of the web is drawn 
with a ship curve through these points and the top of the cir- 
cumferential web. On the center line, a section of the trans- 
verse web is drawn 3%; inch thick and having a semicircular top 
tangent to the sides of the web. The sides of the web are 
shown connected to the dead cover by arcs of $-inch radii. 
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The port-frame, light-frame, retaining ring, dead cover, and 
gaskets are cross-hatched to indicate the proper materials as 
shown on the schedule of parts. 


71. The hinges on which the light-frame and the dead 
cover swing are 62 inches from the center, those of the light- 
frame being on the right-hand side and those of the dead cover 
at the top. In the elevation, both hinges are shown in their 
proper places, but in the cross-section the position of the hinge 
of the dead cover is shown conventionally, it being swung 
around to the right-hand side of the view to the same plane as 
the hinge of the light-frame. This is done because, since the 
hinges of the light-frame and the dead cover are alike in many 
of their parts, it is thereby possible to save the making of 
another view. The parts wherein the dead-cover hinge differs 
from the other are shown dotted. 

In the section, the hinge lug is drawn by first locating a point 

& inches to tiie right of the center line and 1,'% inches inboard 
of the inner surface of the port-frame, piece 1. With this 
point as a center, draw an arc of $-inch radius, also two lines 
tangent to this arc and perpendicular to the port-frame, and 
connecting to the frame by arcs of $-inch radius. Show an 
oval hole extending 44 inch inboard of and 2 inch outboard of 
this point and 45 inch wide. The $-inch-diameter hinge pin, 
piece 3, is thus given 3‘; inch lateral clearance and ¢ inch allow- 
ance in the lugs when the light-frame and dead cover are com- 
pressed against the rubber gaskets. In the elevation, draw 
these lugs 13 inches each side of the axis of the air port and 
2 inch wide. The curved lines extending from three corners 
indicate the fillets where the lugs join the frame. At the fourth 
corner the lug slightly overhangs the frame and there would 
of course be no fillet. 


72. In the section, the side view of the lugs on the light- 
frame and dead cover is shown with the center of the hole for 
the hinge pins at the point first located for drawing the lugs 
on the port-frame. To facilitate making the light-frame and 
dead cover, this center is dimensioned from some point in each 
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piece; in this case, # inch from the outboard side of each. 
Draw the pin $ inch in diameter, and with its center at the 
point just located. The pin will be the same for both hinges. 
As the section is through the horizontal axis of the port, the 
upper hinge lug will be shown and it will be dotted where it is 
behind the lug on the port-frame. 

The outside ends of the hinge lugs are represented by a 
semicircle of $-inch radius drawn to the right of the vertical 
center line of the pin, having the same center as the pin and in 
part coinciding with the curved edge of the port-frame lug. 
The lower part of this semicircle, between the side of the port- 
frame lug and the center line, is shown dotted. 

The outboard side of the lug on the light-frame is repre- 
sented by a horizontal line tangent to the outboard part of the 
semicircle representing the end of the hinge lug. This line is 
dotted where it is behind the lug on the port-frame and is con- 
nected to the light-frame by a small arc drawn freehand. 

The inboard side of the lug is drawn by continuing a light 
line from the inboard face of the light-frame. This line is 
connected to the semicircular end of the hinge lug by an arc of 
;;-inch radius that is tangent to both. The length of radius 
to use for this connecting arc is found as follows: The total 
depth of the light-frame is 1; inches and the center of the 
pin is $ inch from the outboard side, therefore the inboard 
side of the light-frame is 1°,” —#/”= 75 inch from the center of 
the pin, therefore this is the length of radius to use and the 
center will be on the horizontal center line of the pin and to the 
left of the vertical center line. 


73. In the elevation of the air port, show the lugs on the 
light-frame 2 inch thick where in contact with the port-frame 
lugs. The part of the lug from the contacting parts to the 
frame itself is 3% inch wide, the side of the lug toward the end 
of the hinge pin being flush. These lugs connect to the outside 
diameters, 12 inches and 112 inches, of the light-frame by small 
fillets, drawn freehand. 

In the elevation, draw the hinge pin, piece 3, $ inch in 
diameter and extending 4 inch above and below each light- 
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frame lug. These pins are retained in place by two %-inch 
split pins, piece 12, in holes whose centers are 3’y inch from 
the ends of the hinge pin. 


74. As previously explained, the hinge lugs and the pin 
for the dead cover are combined in the one sectional view in 
order to avoid making another drawing. The hinge pin and 
the lugs on the port-frame are the same as those for the light- 
frame hinge, and hence are not redrawn in the section. The 
hinge lug for the dead cover is shown dotted in the section and 
is drawn as follows: 

With the pin center as a center, from the point where the 
dotted arc that represents the rounded end of the light-frame 
hinge intersects the vertical center line of the pin, continue the 
dotted arc to the horizontal center line to represent the rounded 
end of the dead-cover hinge. Then, tangent to this arc at its 
inner end, draw a short vertical line and connect this to the 
outer edge of the outboard face of the dead cover by a dotted 
arc of $-inch radius tangent to both. 


75. To show the inboard edge of the hinge, draw an arc of 
a circle of 24-inch radius tangent to the top of the circum- 
ferential stiffener web and to the outside of the arc represent- 
ing rounded top of the port-frame lug. This dotted are is 
continued to the top surface of the dead cover as shown. 


76. In the elevation, the hinge pin and the split pins in the 
ends are the same for the dead cover as previously drawn for 
the light-frame. In the elevation, the lugs on the dead cover 
are shown connected to circles representing the circumferential 
stiffener web by arcs of 3';-inch radii. These lugs on the dead 
cover extend inside the circumferential stiffener web and inter- 
sect the top surface of the dead cover at a point which is 
obtained from the sectional view, in which view the lug is 
shown to intersect the top surface of the dead cover by means 
of the dotted are of 24-inch radius. In the elevation the lines 
representing these lugs terminate in small arcs drawn freehand, 
which indicate fillets at the bottom of the taper webs where 
they connect to the dead cover. The contour of the circum- 
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ferential ridge may now be drawn in ink as the ares at the 
diagonal webs and at the hinge lugs have been located. 


77. Located 45 degrees from the vertical and horizontal 
axes, and in line with the diagonal stiffening webs on the dead 
cover, are lugs on the light-frame that form seats for the dogs 
that hold it tight against the port-frame. The contour of these 
lugs is as shown in the lower right lug in the elevation. Locate 
the extreme end of the lug 7,3; inches from the center of the 
cover and draw the inside and outside side lines of the Ing 
parallel to the 45-degree center line and spaced according to 
the given dimensions. 

Draw arcs of $-inch and #-inch radii tangent to the inside 
and outside lines of the lug. Connect the outside straight lines 
of the lug to the 113-inch-diameter circle, which is the smaller 
circumference of the light-frame, by ares of 42-inch radii. 
The opening in the lug is 44 inch wide and the sides are con- 
nected by an are of 43-inch radius described from a center on 
the bolt circle, which is of 63-inch radius. This is also the 
location of the center of the dog. The arc whose radius is 
7; inch indicates the top of the lug and the top edge of a con- 
ical surface of which the sides form a bearing for the dog. 
The other light-frame lugs are similarly drawn. At the upper 
right and the lower left are also lugs on the dead cover whose 
contours are identical with those on the light-frame, except 
that the straight lines forming the parallel sides 13 inches 
apart are slightly longer on account of the dead cover being of 
slightly smaller diameter than the light-frame. These sides 
_are connected to the edge of the dead cover by ares of 43-inch 
radius. 

The elevation of one of these lugs is drawn at the extreme 
left in the section. This arrangement is conventional, as the 
lug there shown is not a projection of any lug directly above. 
At the same place on the section, draw the elevation of the dog 
and the ring nut that secure both the dead cover and the light- 


frame. 


78. Locate in the section the center line of the dog 63 
inches from the center line of the port. Half an inch inboard 
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of the inner face of the port-frame locate.the center of the. dog 
pin, piece 10, on the center line of the dog. Draw the end view 
of the pin, which will be a circle 3 inch in diameter. (This 
dimension is given on the lower left of the elevation.) Draw 
the view of the lug in which the dog pin turns to the dimen- 
sions given. Draw the elevation of the lugs of both the light- 
frame and the dead cover. These lugs are each $ inch thick 
at the ends. That on the light-frame is flush with the inboard 
surface, and connects to the outboard face of the frame by an 
are of 2-inch radius. The lug on the dead cover is flush with 
the outboard face of the cover and connects to the circum- 
ferential stiffener web by a small fillet drawn freehand. The 
conical bearing surface is shown, $ inch deep and of 44 inch 
small diameter, in both lugs and is concentric about the center 
of the dog. 

Draw the dog 23 inches long from the center of the pin, and 
2 inch in diameter. A detached detail of the bottom of this 
dog is shown above on the plate. Draw the center line of this 
detail 1 inch, actual distance, from the left-hand border, and 
locate the center of the dog-pin hole 8? inches above the bottom 
border. Draw the center line of another view of this detail 
1 inch below the center of the dog pin. The dog is seen to 
have a foot, or stop, so arranged that the dog will stand upright 
at 90 degrees to the port-frame. It can swing away from the 
port but not toward it. In the main section, draw the dog, 
dotting the part behind the lug. 


79. Next draw the ring nut, or butterfly nut, piece 8, to 
the dimensions shown on the section. The dog is threaded, 
seven to the inch, for a length of 24 inches from the end. The 
dog and threads are shown dotted where they pass through 
the lugs and the ring nut. A split pin ¢ inch from the end of 
the dog prevents the ring nut from coming off. The dog must 
be long enough so that when the ring nut is screwed up to the 
split pin, the ring nut, piece 8, will clear the dead-cover lug 
when the dog is swung down, and the large opening in the 
upper part ot the nut must be deep enough to allow the nut to 
screw tar enough down on the dog to compress the gasket, 
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piece 7, when the dead cover is swung out of the way. As 
shown, the gaskets are just in contact with the metal—not 
compressed. When the dead cover is swung out, the ring nut 
must be screwed down 44 inch for contact with the light-frame 
lug, and, as laid out, there is a clearance of 12 inch between 
the top of the dog bolt and the inside of the ring nut. The 
bottom of the ring nut is conical to fit the recess in the lugs. 


80. In the main elevation, the lugs that hold the hinge pins 
of the dogs are shown dotted in the lower right and the lower 
left quadrants and they are completely dimensioned. The dog 
hinge pin, $ inch in diameter and 2 inches long, is secured by 
two 4-inch split pins. In the two upper* quadrants are shown 
the ring nuts, or butterfly nuts, in top elevation. The two pairs 
of diverging full lines represent the top. Cross-sections 
through the sides are represented by ellipses of 2’ 1” major 
and minor axes. The large circle represents the base of the 
nut, which is 14 inches in diameter. The lines next to this 
circle are arcs that represent the top of the nut, $ inch in 
diameter, into which the sides of the handles merge at a thick- 
ness of # inch. Note the method of giving the dimension with 
tapering lines. The other two circles are the bottom of the 
conical surface or the bottom of the nut, 44 inch in diameter, 


rk 


and the bottom of the dog, ? inch in diameter. 


81. In the upper left-hand corner of the plate is a detail 
of the dog used to hold the light-frame only. In this view, the 
center of the hinge pin of the dog is located 24 inches below 
the top border line and § inch from the left-hand border; the 
section of the port-frame, light-frame, and retaining ring, 
pieces 1, 4, and 6, are just as in the main section. A partial 
view only is given of the ring nut, piece 8. The dog, piece 9, 
is 23 inches long and is threaded for 14} inches. This can 


readily be drawn. The dimensions for the rubber-gasket slot 
in the light-frame are on this detail. 


82. The lug that keeps the light-frame open is to be drawn 
on the horizontal axis of the frame in the elevation, and the 
center of the eye is 6;%; inciies from the center of the port. 
The principal dimensions to be used in drawing this are to be 
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obtained from the detail view. In this the center of the eye is 
located 44 inches and 41% inches from the left and the top 
borders, respectively, and is shown to be $ inch inboard of the 
outer face of the light-frame. The eye is 2 inch in diameter 
and the lug is 33 inch thick. From these dimensions, the view 
on the horizontal center line of the elevation may be drawn. A 
small fillet drawn freehand is indicated where this lug joins 
the frame. 


83. A similar eye is to be drawn on the bottom of the dead 
cover. A separate detail is also drawn in which the center of 
the eye is 5;% inches and 8$ inches, respectively, from the right 
and top borders. 

The port-frame is secured to the steel structure by twelve 
3-inch tap bolts equally spaced on a circle 134 inches in 
diameter. Four are on the vertical and horizontal axes. A 
separate detail of this fastening is to be drawn with the inside 
of the plate 6$ inches above the lower border and the center of 
the bolt # inch from the left-hand border. The plate is 
shown 4% inch thick, a small portion of the port frame, piece 1, 
is drawn and the bolt is drawn standard size, see table of bolt 
sizes. The hole through the port-frame is indicated to be 
slightly larger than the bolt. 

The addition of dimensions and the schedule of material 
and the title and number of the plate completes this drawing. 


SKETCHING 


INTRODUCTION 


1. In actual office practice, the draftsman often has to 
work from rough freehand sketches. These sketches may or 
may not have been made by himself, and they may have been 
made from an actual object or may merely represent some 
one’s idea on the particular subject which the draftsman now 
has to develop or work out. For instance, suppose that a 
machine is in operation somewhere, of which the drawings 
never existed or have been lost. For the purpose, say, of 
rebuilding or regularly manufacturing this machine, a set of 
working drawings is required. Suppose, as is most generally 
the case, that the machine is so located that it is not readily 
accessible to the draftsman at all times, so that he cannot take 
measurements while making the drawing, even if this were 
desirable. In such cases he must make sketches, that 
is, rough mechanical drawings freehand, from which later on 
he executes the regular drawings. 

Again, suppose a certain change or modification is to be 
made in a machine, machine part, or mechanism, or a new 
machine is to be made, and a working drawing is required. 
The idea is then made clear to the draftsman by means of 
sketches, more or less complete, from which the regular draw- 
ings are subsequently elaborated. 


2. A sketch must have all the essentials of a working 
drawing except that it is not made to scale, although the rela- 
tive proportions of the object represented are maintained as 
near as this is possible by mere judgment of the eye. As in a 
mechanical drawing, the sketch must, of course, contain all the 


COPYRIGHTED BY INTERNATIONAL TEXTBOOK COMPANY. ALL RIGHTS RESERVED 


§ 18 


2 SKETCHING $18 


dimensions and explanatory notes necessary to enable the 
object to be made from it. To all intents and purposes, then, 
a working sketch could be immediately used as a working 
drawing, and is sometimes so used in cases of emergency. A 
regular working drawing is, however, usually more elaborate ; 
not only is it drawn to scale, but generally a smaller number 
of views of the object are made than are shown in a sketch. 
In both, one endeavors to get along with as few views as are 
necessary to clearly represent the object, although in a sketch 
a multiplicity of lines is avoided by additional views and sec- 
tions, which can be quickly drawn; also, various notes, short 
cuts, and conventional marks may be used more freely on a 
sketch than would be tolerated on a regular drawing. 


3. Method of Procedure.—1in sketching an object, it is 
first fully represented in as many views as are necessary to 
show all the details; the measurements are taken afterwards 
and written in. This is by far the best plan, as much time 
may be wasted by trying to take measurements and write 
dimensions as one sketches. Furthermore, by first fully com- 
pleting the sketch a better general knowledge of the object is 
gained, which will help in distinguishing between dimensions 
that are essential and those that are not. Of this more will 
be said later. 


SKETCHING MACHINE DETAILS 


GENERAL REMARKS ON SKETCHING 


4. Materials for Sketching.—All that is needed for 
making a sketch are a lead pencil, paper, and a soft rubber. 
It is convenient to have the rubber attached to the end of the 
pencil. Various rubber-tipped pencils are in the market and 
are readily obtainable from stationers. The paper is best used 
in letter size, 8 in.X10 in., done up in pads, from which the 
single sheets can be detached one by one. The paper should 
be heavy, so that it will stand considerable abuse ; manila paper 
is very good for the purpose. 
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5. Cross-section paper is of considerable assistance in 
sketching, and is often used in the drafting room by the 
designer when making sketches for the detail draftsman to 
work from. It is also an aid in maintaining the proportions of 
a detail. In the shop or other place away from the office, this 
paper is also a convenience, both in detailing the parts of a 
machine and in making a general view, because in the general 
view the ruled lines are a great help in drawing in the long 
outlines and serve to preserve symmetry and to insure the 
assembling of all the details in their proper positions. The 
beginner should, however, remember that a sketch is not a 
correct drawing to scale, and should not rely too much on the 
aid of cross-section paper, but should train his eye by prac- 
ticing on plain paper, for he may often 
be called on to make a sketch when no 
cross-section paper is available, and with- 
out such practice he will find this difficult 
to do. All the sketches in this Section, 
therefore, will be described as made on plain paper except 
when it is expressly stated that cross-section paper is used. 

Examples will be introduced to illustrate the use of cross- 
section paper in sketching, and it will be noticed that the order 
of procedure in making such sketches differs from that men- 
tioned in Art. 3. 

Cross-section paper may be obtained ruled with spaces of 
various sizes. A convenient form has ;g-inch squares ; another 
kind frequently used is ruled in $-inch squares. 


6. Sketch of a Single Object Requiring But One 
View.—As previously stated, one should get along with as 
few views as possible ; in some cases a single view will be suffi- 
cient for the sketch, while perhaps two might be called for in 
the working drawing made from it. Thus, the object illus- 
trated in Fig. 1 can be fully represented by a side view, as 
shown in the sketch, Fig. 2; nor would the working drawing 
subsequently made from it require any more, since the view 
cannot be mistaken for anything else than a stud bolt with a 
hexagonal head. If the bolt had a square head, only one side 
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; ha ed 
would be shown; the fact that two sides are shown in the 
sketch indicates that the head is hexagonal. 


%. Sketching on Cross-Section Paper.—In Fig. 2 is 
illustrated the use of cross-section paper in making a sketch 
of the object that is shown in perspective in Fig. 1. In this 
sketch the letters are put on merely for descriptive purposes. 

In sketching, as in every other kind of drawing, the main 
center lines should be put in first. Therefore, draw A A along 
one of the heavy lines, or simply indicate its selection as center 
line by putting a cross at each end. Then draw aa for the 
bottom of the bolt head locating each of the points a 8 squares 
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above and below AA, since the size across flats is 1 inch. 
Show this view rather than that across the corners, because 
across flats is a governing dimension from which the one across 
corners will follow naturally. As the head is 4 inch thick, 
mark off the point b a distance of 8 squares from aa, and draw 
a vertical line through b. Draw the horizontal lines a 0’, and 
put in the curved line b” b b” by eye, to represent the rounded 
form of the head, and next put in the two curved lines ¢ rep- 
resenting the intersection of the flat faces with the top of the 
bolt head. 

The body of the bolt is 1228(=13—,,) inches long, conse- 
quently mark off on the center line the point d a distance of 
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one large square and six small ones from aa, ignoring the 
additional gy, and then draw a vertical line through d. As the 
diameter of the body of the bolt is § inch, set off from d two 
points e, each 7 squares (= %g inch) distance from the center 
line A A, and then draw the two lines ea’. Set off df=2 
squares (4 inch) for the width of the clearance fillet, and next 
set off an additional 11 squares (44 inch) to obtain point g. 
Draw a vertical line hh through f, making each point h 
6 squares (2 inch) distant from f, then round off the end 7 g1. 
Set off two points 7 5 squares (4s inch) from f, and put in the 
fillets at 7. Next sketch a conventional representation of the 
thread, and add any notes relating 
to material, finish, ete. 


8. Another illustration of the 
use of squared paper is given in 
Fig. 3, which shows a sketch of a 
piston, with a nut and a portion of 
the rod. Fig. 4 is a perspective view 
of such a piston with a piece broken 
away to show its construction. The 
cross-section paper employed is ruled 
with 4-inch squares. Therefore, if 
the side of a square is taken to rep- 
resent $ inch, the sketch is quarter 
size, or 3 inches to the foot, instead of being full size as in 
Fig. Z. Except for this and the difference in ruling, the 
method of sketching will be the same. 

It will be supposed that an actual piston such as illustrated 
in Fig. 4 is to be measured up and a dimensioned sketch made. 
If the draftsman cannot have access to a loose rod, he must 
have this one removed so as to obtain particulars of the conical 
fit in the piston. First locate the main center line 4 A. Obser- 
vation having shown that the piston is about 16$ inches in 
diameter, count down from the top of the paper a distance of, 
say, 19 squares (=9% inches): and draw AA. The inner 
face b b of the piston will be taken as a starting point. Adding 
together the dimensions from the end of the rod, one gets 
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(13+24$+3+424) =94 inches. Mark off a point a, 20 squares 
distant from the left-hand edge of the paper, and through @ 
draw the vertical line bb. For the diameter of the piston 
mark off 164 squares (=8} inches) above and below a. The 
width being 34 inches, draw the two lines bc 64 squares 
(=34 inches) long. Halves and other fractional parts of a 
square are found by judgment only. Starting again from a, 
set off the lengths ad, de, ef, and f g according to the dimen- 
sions shown. A few of the leading dimensions have been given 
as a check, also one or two of the notes that would naturally be 
added. The end of the rod may be sketched on the side, as 
shown, for convenience sake, with 
the large end of the cone on the 
same vertical line on which it is 
drawn in the view of the piston. 
The dimensions of the body of the 
piston have been omitted, as enough 
has been given to show the use of 
cross-section paper in sketching. : 
While the use of cross-section = 
paper is an assistance in making a 
neat sketch of an actual machine 
detail, its most common use is in 
the office for roughly designing a part for a detail draftsman 
to work up. 
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9. Sketch of an Object Requiring One View.—Fig. 5 
illustrates an object—a bushing—that might be sketched in 
a single view, as in Fig. 6, but would probably in a working 
drawing be represented by both a section and an end view, to 
show that the two rectangles in the sketch represent cylinders 
and that there are only two cylindrical holes in the flange. In 
the sketch, Fig. 6, the end view may be dispensed with and a 
note substituted giving the information about the holes. That 
the body is cylindrical may be indicated conveniently by adding 
to some of the measurements the letter D, meaning diameter. 
While such a view is sufficient, an end view alone would clearly 
not be, as it would not disclose the length of the two cylinders, 
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and would, even with the necessary information to that effect, 
be wholly inadequate to produce at once a mental picture of 
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the shape of the body. It is thus seen that judgment must 
be used as to what view to sketch. Rather than leave any 
doubts, two views should be made. 


10. Sketch of an Object Requiring Two Views. 
Fig. 7 is an illustration of an object—a gripper from a printing 
press—that requires two views: a front view giving the peculiar 
outline of the piece, and an end view, or a bottom view, to 
show the width. See Fig. 8. 
While either the front view 
and the end view, or the front 
view and the bottom view, 
would suffice, an end view and 
a bottom view would not. The 
bottom view and the end view 
would not show the shape of 
the object. 

The word traced, found on 
the sketch, means that the object was laid on paper and its 
outline penciled in. Where this is not practicable an impres- 
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sion may be obtained by holding the paper against the part 
and rubbing the finger along the edges. 


11. Sketch of an Object Requiring Three Views. 
An object is represented in Fig. 9 that is simple in appearance. 


Fic. 8 
However, it is necessary to show three views in order that the 
drawing may clearly bring out its shape. The front view in 
Fig. 10 is the main view; the side 
view and plan give the depth of the 
upright and base, and they also 
show, respectively, that the up- 
rights and ends of the base termi- 
nate in semicircles. These are 
features the front view does not 
show. 


12. Sketch of an Object 
Requiring a Section.—Three 
outside views will, as a general 
rule, be sufficient to clearly bring out the details of any object, 
even if the object is hollow and outlines are thus hidden from 
sight. In many cases, as, for instance, in the case of the bush- 
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ing shown in Figs. 5 and’6, dotted lines may be employed to 
point out such hidden features. Often, however, many dotted 
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lines become confusing, and it is then much better to make 
a section, that is, to imagine the 
object cut along a certain plane and 
one of the parts removed, a sketch 
being made of the remaining part. 
Fig. 11 is an example of such an 
object—a safety collar. 

A side view, and a front view, 
Fig. 12, give an idea of the outside 
features of the object, but in order 
to show the inside, a so-called con- 
ventional section has been taken 
along the lines ab and bc in the front view. This enables the 
draftsman to show both the rounded recesses and the tapering 
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square holes which have been cored out in order to make the 
casting lighter. It will be noted that a setscrew has been placed 
in one of the rounded recesses. When this setscrew is tightened 
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the top of its head comes below the outside circumference, a 
feature of safety that prevents the screw from catching on the 
clothing of a workman. The section further shows that the 
collar bears against the shaft only at the outer and inner ends 
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of the shaft hole, the offset between leaving only a narrow sur- 
face at each end to be finished and fitted to tne shaft. It also 
shows that the end surfaces are not level 
but incline toward the shaft hole. A section 
taken along the line ed in the side view 
would not show these features sufficiently. 


13. Sketch of Two or More Objects 
Fitted Together.—When a combination 
of parts is to be sketched, such as an entire 
mechanism, it is advantageous in several 
respects to sketch them as a whole first. 
By so doing, a clear idea is acquired of how 
the various parts fit and work together, and 
many dimensions will have to be taken but 


once. After having gained all the informa- 
tion possible without taking the mechanism 
apart, each piece is removed one by one, 
and any additional features that may pre- 


Fic. 13 


sent themselves are sketched; these may 
even call for additional views. Fig. 13, 
which shows one of a pair of connecting- 
rods from a printing press, is an illustration. 
The two parts fitted together are the rod 
proper, having two eyes, one of which is 
provided with an eccentric bushing having 
a-bracket of peculiar shape. In taking the 
view of the combination as a whole, the 
bushing was observed to have a larger out- 
side diameter in the front than in the back. 
To find out how far into the eye the larger 
part extended, the bushing had to be slipped 
out, when it was seen that the larger diam- 
eter was due simply to a slender shoulder 
following the rounding of the edge of the 
eye of the rod proper, and a little sketch (a), 
Fig. 14, was jotted down to emphasize this. Otherwise, the 
two parts sketched together give all the information neces- 
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sary to draw them separately on the working drawing. The 
mate of the rod sketched is exactly the same with the excep- 
tion that the g-inch pin is symmetrically opposite on the other 
side of the center line, and the bracket (h) of the bushing 
is reversed, as seen on the bushing, shown detached. In a 
case like this it is sufficient to mark on the sketch “one right, 
one left,” the sketch thus covering four pieces at once. The 
abbreviation f. a. o.. found on this sketch means “finished all 
over.” 


14. Fragmentary Views: Symmetrical Objects. 
Many objects present a repetition of parts, in which case it is 
sufficient to sketch only parts of such objects. This is partic- 
ularly the case in objects that are symmetrical with reference 
to certain lines so that the 
sketch will also be sym- 
metrical to such _ lines, 
which are called axes of 
symmetry. An axis of 
symmetry is any line so 
drawn that if the part of 
the figure on one side of 
the line be folded on this 
line it will coincide exactly 
with the other part, point 
for point and line for line. The use of fragmentary sketches 
must not, however, be carried teo far. This expedient should 
only be employed when it saves time and the sketch would not 
be any clearer if the views were drawn in full. Thus, it would 
not be much of a saving of time to show only half of the bolt 
(Hie sl) the bushinga( Bie. 5), the sripper (Mie 7), the 
Dracket (Fig. 9), or the collar (Fig. 11), as these pieces, 
though they are symmetrical to a certain center line, are as 
easily sketched in full. Among the cases in which fragmentary 
sketches may be made are symmetrical machine frames, such 
as those shown in Fig. 15 and sketched in Fig. 16, or pulleys 
and other wheels, as those shown in Fig. 17 and sketched in 


Fig. 18. 
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15. Although in finished working drawings it is advisable, 
as far as convenient, to be consistent in the arrangement of the 
various views, yet, in sketching, the draftsman will be at liberty 
to place the views where most convenient for that particular 


case, making it perfectly clear by a note from what position 
the view was taken if there is room for any doubt on the 
subject. 


16. Center Lines and Proportions.—In beginning a 
sketch, decide on a view that seems to show most of the features 
of the object. Select one of the most striking dimensions— 
as, for instance, the total length or total height of the piece to 
be sketched—and mark down on the paper a distance that 
represents this dimension. Then, until the sketch is completed, 
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this forms the basis for proportioning the other dimensions, 
by comparing them mentally with it. If the object is sym- 
metrical about certain axes, 
draw these axes first. Thus, 
in round pieces like those 
shown in Figs. 1 and 5, draw 
the center line. Although 
measurements are not taken 
from these imaginary lines, 
they are of great help in guid- 
ing the eye while making the 
sketch. This is especially 
ime im the case of circles. 
When more than one view of 
an object is sketched, the 
center lines at once serve to 
bring various views in proper relation to one another. Thus, 
in sketching the objects shown in Figs. 9 and 10, the front 
view is drawn first, starting with the center line, which 
divides the figure vertically into symmetrical halves. Next 
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draw the base line, and then the center lines of the bolt 
holes in the base at equal distance right and left of the main 
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center line; draw the center line of the shaft holes in the 
uprights parallel to and at the proper distance (judging by 
the eye only, of course) from the base line, and around this 
skeleton of center lines draw the outlines of the object. 
When the front view is finished, begin the plan. To do this, 
prolong the main center line, also the center lines of the holes 
in the base. Draw a horizontal axis of symmetry parallel to 
the base and the axis of the shaft, thus obtaining a skeleton 
of center lines for the plan around which to draw it. Proceed 
similarly with the side view, carrying over the center line of 
the shaft holes and drawing a new axis of symmetry parallel 
to the main center line of the first view. 


17. Projection Lines.—In sketching various views of 
an object, use will be made of the principles of geometrical 
drawing, and projection lines will be drawn from one view to 
the other. Such lines should be indicated: on the sketch very 
faintly, and should be limited in number, as they will make the 
sketch confused if used too freely or made too heavy. 


18. Shade Lines.—lIt is not customary, as a rule, to 
employ shade lines on a working drawing. They are, however, 
sometimes used on sketches, as they tend to make the object 
stand out more clearly, without entailing much expenditure 
of time, and no artifice should be spared that will effect this, 
especially as a sketch may be laid aside a long time before the 
finished drawing is made. 


19. Sections and Cutting-Plane Lines.—Sections 
must be placed in the sketch in proper position toward the lines 
of section along which they are taken. When the section 
is placed in its proper position, this fact will often prove suffi- 
cient to indicate along which line the section is taken, but in 
so-called conventional sections it is necessary to make the cut- 
ting-plane line very plain and to note near the sectional view 
the line of section, as was done, for instance, in Fig. 12. There 
are two sections in Fig. 14; one is taken on the center line 
passing through the center of both the eccentric hole of the 
bushing and the center of the eye of the rod; the other section 
is really a conventional section, the section of the eye being 
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taken on the center line passing through the center of the eye, 
and the section of the bushing being taken on the center line 
passing through its own center. There is no need of mention- 
ing this on the sketch, however, as no one will suppose that a 
measurement is taken of the dimension of the eye along the 
line passing through the center of the eccentric bushing. 


20. Cross-Sectioning to Indicate Material.—As, on 
a sketch, no distinction is made between materials by means 
of cross-section lines, the name of the material should be writ- 
ten on the sketch. 


21. Finish Marks.—Finish marks should be placed in 
the sketch wherever lines represent finished surfaces, except 
in those cases where it is evident from the nature of the pieces 
that the surfaces must be finished, such as surfaces fitted 
together. The principle to be followed in making a sketch is, 
in general, give all the data necessary, but avoid unnecessary 


marks and lines. 


MEASUREMENTS 


MEASURING INSTRUMENTS 


22. ‘The instruments to be used in measuring the dimen- 
sions of an object for the purpose of making a sketch and sub- 
sequently a working drawing depend to a certain extent on the 
accuracy required. To explain more fully, suppose one of the 
eccentric bushings on the connecting-rod for a printing press, 
Fig. 13, to be so worn as to need replacing, but that the press 
‘is to be kept running while a new piece is being made. A very 
accurate measuring of the dimensions is then necessary, as the 
piece must fit exactly. On the other hand, suppose a whole 
machine is to be rebuilt with an already existing machine as a 
model, and that for this purpose drawings. are to be made which 
henceforth shall be considered standard. The dimensions need 
not necessarily be as accurate as in the first case, as the various 
pieces of the new machine will be fitted together when assem- 
bling. Inthe former case, it may be necessary to employ much 
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more delicate instruments than in the latter case, so that, in 
general, it may be said that a draftsman may in the long run 
make good use of any measuring instrument to be found in the 
market. For ordinary cases, however, the tools here enumer- 
ated and described will be found amply sufficient. 


23. The Two-Foot Rule.—The best-known tool for 
measuring linear dimensions is the two-foot rule, which is 
usually made up of four sections, hinged together, to allow it to 
be folded for convenience in carrying, as shown in Fig. 19. 
The rule is usually made of boxwood, with brass joints and 
edges. It is divided into inches and fractions of an inch. 
Divisions smaller than 7g inch are rarely marked on them, so 
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that the smallest fraction that can be Girectly measured is 
ze inch, but with a little practice it is possible to locate the 
middle and quarter points between the sixteenth-inch marks 
with a fair degree of accuracy, thus making it possible to 
measure distances as small as 345 inch and g inch. The two- 
foot rule is well adapted to comparatively rough work, where 
only ordinary accuracy of measurement is required. 


24. The Standard Steel Rule.—For more accurate 
measurements, steel rules are used. These rules are always 
graduated on both edges of each side, and a large choice of 
different kinds of graduations is offered by the makers. [For 
use in sketching, two kinds of rules, both 12 inches long, will 
be found very essential. One has divisions of the inch into 
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8 parts on one edge of the one side, into 16 parts on the other 
edge of the same side, and into 32 and 64 parts on the two 
edges, respectively, of the other side. The other rule has divi- 
sions of the inch into 10, 20, 50, and 100 parts on the four 
edges, respectively. 

25. Steel Tapes.—In measuring distances greater than a 


few feet, steel tapes are very convenient. They are made in 
lengths varying from 2 feet to 100 feet for shop use. The 
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graduations are not very fine; hence, tapes are only suitable 
for approximate measurements. Tor a special use of a pocket 
steel tape, see Art. 37. 


26. The Straightedge.—lt is very convenient to have a 
straightedge among the tools, although any straight piece of 
metal or wood or the blade of a square (see Fig. 20) may be 
used in an emergency. 


27. The Square.—An instrument that comes into fre- 
quent use is the square. It is best to have one with an adjust- 
able blade, called an adjustable square, such as is shown in 
Fig. 20. The blade a is held in the stock b by means of a hook 
clamp that enters the groove c in the blade and is tightened by 
means of the nut d. The stock can be set at any point through- 
out the length of the blade, and also, of course, flush with the 
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end of it, thus serving also as a solid square. A special bevel 
blade e for testing angles of 45° and 30° is generally furnished 
with this square. The 
(9) stock is usually pro- 
vided with a level at f 
that may be used in 
testing either a vertical 
or a horizontal  sur- 
face. 

It should be borne in 
mind that a square is 
perfect only when the 
blade and stock are 
exactly at right angles 


to each other, and that 


(a) (6) 


Fic. 21 a fall or any careless 


use is liable to impair its accuracy, and its usefulness. 


28. Calipers.—Calipers are of numerous shapes and sizes. 
They are used to measure either diameters or widths and 


(6) 
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lengths, from a small fraction of an inch to several feet. The 
simplest forms of calipers are shown in Fig. 21, where view (a) 
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illustrates outside calipers, used for taking outside measure- 
ments, of shafts, wheels, and similar articles, and view (b) 
shows a companion tool, the inside calipers, 
which, as the name implies, is used to measure 
the diameter of holes, or the distance between 
two objects. Another class of calipers is pro- 
vided with an adjusting screw, as shown in 
hig. 22 (a) and (0). Calipers are often used 
to measure the outside diameter of screws, and 
when so used are made as in Fig. 22 (a), except 
that the contact surfaces a and b are made wide 
enough to reach across two or more threads. 
Similar calipers are used to measure the bottom 
of screw threads, in which case the points are 
beveled and thin, like a knife blade. 


29. The Plumb-Bob.—The plumb-bob is  '* 
often very convenient to have among the tools used in sketch- 
ing, although any small piece of metal, as a nut, a penknife, or 
other small, heavy object tied to a thread 
does equally well in most instances, since 
it does not often happen in sketching that 
a plumb-line must be established over a cer- 
tain point; in this latter case, a regular 
plumb-bob having a sharp point would be 
required, as shown in Fig. 23. 


30. Surface Gauge.—A surface gauge 
consists of a flat base to which is attached 
a vertical standard that carries an adjust- 
able scriber. Fig. 24 shows a simple form 
of this instrument. Its use in sketching 
[ will be more fully treated in the following 
ool ! pages. 

te nl The draftsman is not expected person- 

HU : : 
ally to possess all the tools mentioned in 
eae Arts. 21 to 30. In most drawing offices, 
certain of these tools would be supplied for common use, and 
the others would be borrowed from the shops for the occasion. 
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TAKING MEASUREMENTS 


31. Writing Measurements on the Sketch.—After 
the sketch itself is completed—or when in a combination of 
objects fitted together, as a whole machine, the sketch has been 
completed as far as that is possible without taking the com- 
bination apart—the taking of measurements is begun. Each 
measurement must be put down on the sketch as soon as it has 
been taken, not several at a time. Otherwise mistakes are cer- 
tain to occur, and to cause considerable trouble. 

The ascertaining of dimensions of an object by measuring 
often calls for considerable ingenuity, and sometimes methods 
of the draftsman’s own devising will be resorted to that are 
not found described in the following pages, which contain, 
however, those in most frequent use. 


32. Distance Between Points on a Plane Surface. 
This is the simplest measurement ; it is taken by means of the 
rule, and needs no explanation. Very frequently the points 
between which the dimension is wanted are the two edges of 
a flat surface. Such a measurement is required to determine 
the length (64 inches) of the top of the stand in Fig. 16 and 
also the bottom of the base (24 inches). 


303. Length of a Cylindrical Surface.—A measure- 
ment equally simple is to find the length of a cylindrical surface 
by means of the rule, as, for instance, the lengths (14 inches 
and ;°; inch) of the two cylinders in Fig. 6, or the length of 
the shank of the tap bolt (124 inches) of Fig. 2. 


34. Round and Otherwise Undefined Corners: 
Distance Between Parallel Planes.—Distance must often 
be ascertained between points one or both of which may be 
imaginary, as, for instance, when there are round corners. In 
such cases the adjoining surface must be prolonged so that 
a sharp corner is established. For instance, the length (144 
inches) of the safety collar, Fig. 12, could not be measured 
directly with the rule, but the collar had to be placed between 
two flat surfaces, and the distance between the latter measured: 
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This was most conveniently done by laying the collar on a plane 
surface and using the adjustable square in the manner shown 
in Fig. 25. 

In the same manner, the 
square must be used to get the 
over-all dimension (142 inches) 
of the bushing shown in Fig. 6. 
See’ Fig. 26. As will readily be 
observed, this method is really 
equivalent to taking the shortest, 
that is, perpendicular, distance 
between two parallel planes. 
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do. Thickness.—lIt is not 
always convenient or possible to 
measure distances between par- 
allel planes, real or imaginary, 
by means of the plane surface Fic. 25 
and adjustable square, in the manner shown in Figs. 25 and 26. 
In such cases, the outside calipers are used; thus, while the 
distance across flats of the hexagonal head of the bolt, 
Fig. 1, may be measured with the plane and square, it is more 
convenient to use the calipers, while the 
thicknesses ($ inch) of the webs in the 
cast-iron stand, Figs. 15 and 16, must be 
measured with the outside calipers, if 
the measurement is to be accurate, the 
corners being round. Such dimensions 
are called thicknesses. 
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36. Distances Between Curved 
Surfaces: Outside Diameters.—The 
en i outside calipers are also used to ascertain 
g dimensions of curved surfaces. Thus, 

the dimension (1,’; inches) between the 

top and bottom of the piece shown in 

ae Fig. 8 is measured with the outside 
calipers. Asa rule, all outside diameters would be measured 
with the same instrument. The procedure is as follows: Open 


[] 
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the calipers approximately wide enough to let the body to be 
measured pass freely between the points. Then, by gently 
tapping the outside edge 
of one of the caliper legs 
against some convenient 
object, the calipers may 
be gradually closed or 
opened until the points 
just touch the body mea- 
sured, “a¢. mr Wig, 027, 
There should be no play, 
nor should the — points 
pinch too hard. It re- 
quires a little practice to 
get the proper touch by 
tapping the calipers. The 
process is easier with 
spring calipers, having screw adjustment, shown in Fig. 22. 

After the calipers are properly adjusted, the distance between 
the points is measured with the steel rule in the manner shown 
in Fig. 28. 


Rie. 27 


37. It often happens that very large diameters are to be 
measured, for which the calipers available are too small, as 
in the case of pulleys, wheels, and similar objects. Often in 


Fie. 28 


such cases one can measure near enough across the side of 
such objects, as a pulley, for instance, with a long rule or a 
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stick, but equally as often this cannot be done on account of 
other parts being in the way; for instance, when a pulley is 
keyed to a shaft, perhaps near to a hanger besides. In most 
cases the steel tape furnishes excellent means for getting at 
the diameter, by measuring the circumference of the wheel or 
pulley and dividing the same by 3.1416. Thus, if the circum- 
ference as measured with the tape is 7 feet 2 inch, the 
diameter is 7’ #”+3.1416=7.0625’+3.1416=24 feet, very 
nearly =2 feet 3 inches. 


38. In the abserice of a tape, the diameter of a wheel or 
pulley can be obtained by measuring from a point on the cir- 
eumference of the shaft to a point on the rim of the wheel or 
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pulley and adding twice this amount to the diameter of the 
shaft as measured with outside calipers. Care must be taken 
that the measurement is correct by moving the rule slightly in 
an arc and watching the greatest reading where the rim edge 
intersects the rule. This will serve as a check to determine 
when the rule is held radially. 


39. Inside Dimensions: Holes.—To measure inside 
dimensions, such as the diameters of holes, for instance, the 
inside calipers are used, as in Fig. 29. The procedure is iden- 
tically the same as with outside calipers, but care must be 
taken in tapping the instrument not to strike on the points, as 
these will be easily injured thereby. After the instrument is 
adjusted, the distance between the points is again measured 
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with the rule, as shown in Fig. 30, by holding the end of the 
rule up against some smooth, flat surface, whenever practica- 
ble, and then letting the point of the caliper leg press up against 
this surface. 


40. Over-All Dimensions.—When the length of an 
object is measured in successive steps, as, for instance, the 
bushing, Fig. 6, it is best also to measure the whole length, 
which then serves as a check on the measurements previously 
taken. 


41. Exact and Approximate Dimensions.—In the 
case of most objects, some dimensions must be exact, while 
others may be approxi- 
mate. Thus, in’ Fig. 2, 
the length (12? inches) 
of the shank of the bolt 
must be measured ex- 
actly, as the bolt 1s to be 
fitted into the eye of a 
lever that must move 
freely, without undue 
plav between the shoul- 
der of the head and the 
piece into which the bolt 
is screwed. Suppose 
that the bolt had been 
broken off at the screw and a new one was to be made; then 
it is evident that the shank of the old bolt must be very care- 
fully measured so that the new one will exactly fit the length 
of the lever eye. The other lengths, that is, the extreme 
height of the head (4 inch) and the length of the screw to 
the top of its rounded end (42 inch) are clearly not so 
important. It is permissible to round off such unimportant 
dimensions to the nearest 35 inch or even /¢ inch, as the case 


may be. Thus, suppose the length of the screw, Fig. 2, actu- 
ally measured 24 inch, it would be considered correct enough 


to mark this dimension }% inch on the sketch. Other examples 
are the width and thickness of the base and uprights of the 
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object shown in Figs. 9 and 10. The piece is a casting finished 
only at the surfaces marked f,f. The actual measurements 
showed the thickness of the base to be between 43 inch and 
x3 inch and the thickness of the upright varied between about 
the same figures. This was evidently due to the shaking of the 
pattern in the mold, and the thickness intended was no doubt 
zs inch, so this measurement was marked on the sketch. Like- 
wise, the radii of the fillets joining the uprights and base were 
“guessed at” more or less (see Art. 48) to be 4 inch and } inch, 
respectively. Dimensions that have been thus rounded off, 
averaged, or more or less arbitrarily fixed may be marked with 
a little wavy line preceding the figures. See Figs. 10, 14, ete. 
When obtaining particulars for close fits (running, forced, 
etc.), micrometer measurements are necessary. 


42. Establishing Centers.—Distances between two 
centers, as of two shafts, two holes, or distances between a 
center and a surface, etc., cannot in the majority of cases be 
measured directly with any of the instruments, and it requires 
considerable ingenuity and care at times to establish such 
dimensions. The following are a few examples. 

A case very frequently occurring is the establishing of the 
distance between centers of two holes, as, for instance, in the 
connecting-rod, Figs. 13 and 14. This dimension (24,'; 
inches) is here obtained by measuring the distance between 
the inside edges of the holes (2133 inches), and adding to this 
measurement half of the diameter of an oe measured with 


th 
the calipers, the results being By" + 5 oe 16 eee Sm 


+144’=24, inches. Fig. 13 also ee another illus- 
tration: to find the distance between the center of the outside 
circle of the eccentric bushing and the center of the inside 
circle, that is, the eccentricity of the two circles, measure the 
thickness of the bushing at the thinnest part (44g inch), add 
to it half of the diameter of the inner circle, and deduct this 


sum from half the diameter of the outside circle; thus, — 2 


— (py +2") =1 1a — (4 tN i= fi — 15 Sia a” = 35 inch. 
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43. If the holes are of the same size, the distance between 
centers is at once obtained by measuring from the outside edge 
of one hole to the inside edge of 
the other, as, for instance, the 
distance 34 inches between cen- 
“® ters of bolt holes in Fig. 10, and 
41 inches and 22 inches in 
Fig. 16. Similarly, the distance 
between the center of the shaft 
holes in the object, Fig. 9, and 
the bottom of the base is obtained 
by measuring the distance from 
the bottom of the hole to the 
bottom of the base and adding 
to this the radius of the hole. 
The first dimension is, however, 
not directly measurable with a rule, but must be gotten by 
prolonging the bottom line of the hole by means of some 
convenient straight piece and the square, as shown in Fig. 31. 
This straight piece should preferably be round in section, as 
its under edge will then 
more accurately repre- 
sent the prolongation of 
the bottom line of the 
hole; however, a 
straightedge, if quite 
thin, may be used by 
exercising care. At first 
sight it might seem as 
if this dimension might 
have been taken more 
easily by measuring the 
total height of the piece 
and deducting from it 
the thickness of the 
metal on top of the hole 
and the radius of the latter; but this would not give a reliable 
measurement, as the piece is not finished on top, while the 


Fie. 31 


$18 SKETCHING 29 


bottom is, and as the dimension sought is an essential one, 
it must be accurate. An easier way to get the measurement, 
however, is by the use of the surface gauge. The gauge is 
adjusted so that the point of the scriber lightly touches the 
bottom of the hole ; the scriber is then removed and the distance 
from the plane to the point measured. See Figs. 32 and 33. 
Another example of finding the distance of a center from a 
plane surface is shown in Fig. 34. The adjustable square is 
used to find the distance from the top of the frame of the 
machine, which is finished, to the top of the collar below. To 
this is added half of the diameter 
of the collar, ascertained by 
means of the outside calipers. 
A further example is given in 
Fig. 35. It was required to 
measure the horizontal distance 
of the center of the shaft from 
the vertical finished ‘front of the 
machine. The square could not 
be used in the same manner as 
in Fig. 34, as the sliding carriage, 
already in its lowest position, 
was in the way. The dimen- 
sion had thus to be transferred 
higher up, as it were. The 
plumb-bob was conveniently sus- Bre. 33 
pended, so that the plumb-line just touched the left side of 
the disk. Next, the distance between this line and the front 
of the machine was measured and one-half of the diameter 
of the disk added thereto. Before this method could be 
employed, however, it had to be ascertained whether the 
machine so stood on the floor that the front surfaces of the 
frame were vertical. It was found not to be the case, and it 
had to be wedged up on one side to make it so. 


44, Centers of Gear-Wheels: Pitch of Gears.—The 
distance between centers of two gear-wheels in mesh must be 
measured with particular accuracy, as it furnishes the only 
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clue to ascertain accurately the pitch of the gears. If the shafts 
are accessible, either in front of or behind the gears, the dis- 
tance between centers is easily established by measuring the 
distance between the shafts by means of inside calipers if the 
distance is short, or by means of two steel rules slid one upon 
the other, if the distance is greater. See Fig. 36, wherein the 
visible portion of the underlying rule is shown shaded. To 
this measurement the radii of the shafts are added. If the 
shafts are flush with the wheels, so that the distance between 
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centers cannot be measured in the above way, and if there are 
no hubs to make use of, the distance may be obtained by mea- 
suring across the wheels themselves and deducting their out- 
side radii. This method will be absolutely exact only, however, 
if the number of teeth in both wheels is even, because, if the 
number is odd, the outside diameter cannot be measured accu- 
rately with the calipers; there is a tooth on one end of the 
diameter and a space on the opposite end, the measurement 
being between the point of the tooth on the one end of a 
diameter and the point of the tooth next to the space at the 
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other end of the diameter. The difference between the dimen- 


Fic. 35 


sions obtained in this way is, however, but very slight in 
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45. Having by some means 
ascertained the distance between 
centers, the diametral pitch* is 
found by dividing the sum of 3% 
the teeth of both wheels by % 
double the distance from center % 
to center, and the circular pitchy 
by multiplying double the dis- 
tance irom center to center by 


Mn, ; 


SAA, 


*The diametral pitch is a number indicating the ratio between the 
number of teeth and the pitch diameter; thus, 4 (diametral) pitch 
means that there are four teeth to each inch of the diameter, so that a 
wheel that has this pitch and has a pitch diameter of 5 inches has 
5<4=20 teeth, or a wheel that has 20 teeth and a diametral pitch =4 
has a pitch diameter of 5 inches. 


+ The circular pitch is the linear measure on the pitch circle from a 
point on one tooth to the corresponding point on the next tooth. 
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3.1416 and dividing the product by the sum of the teeth of 
both wheels, or by formulas: 


diametral pitch= oe, 
: 6.2832¢ 
circular pitch= ae 
in which N=number of teeth of large wheel; 


n=number of teeth of small wheel; 
c=distance from center to center. 


By calculating both pitches, it is generally recognized by 
what system they are constructed. Thus, if the calculation 
yields, for instance, a whole 
number, or a whole number 
and a half, or a whole number 
and a quarter, for the diame- 
tral pitch, but an awkward 
decimal number for the cir- 
Cilar pitch; it as ain ets 
assume that the gears are cut 
to the diametral pitch indi- 
cated by that number. If the 
calculation yields an awkward 
decimal number for the 
diametral pitch, but a whole 
number, or a whole number 
and simple fraction for the 
circular pitch, it is fair to assume that the gears are cut to 
circular pitch. 

Thus, the distance between the gears, Figs. 37 and 38, is by 
measurement 118} inches (=11.578 inches+) from center to 
center. There are 15 teeth in the pinion, or small gear, and 
124 teeth in the large gear. The diametral pitch is thus 

124+15 139 
AX1L S78 = 23.156 > 0:08: or 6, very nearly. 


J ; -6:2832:< 11,578 
The circular pitch is 12415 = 5233 inch, that is. 
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between 3% inch and 4% inch. 
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It is thus very evident that the gears are cut to 6 diametral 
pitch. Asa check, using 6 for the diametral pitch, the distance 
from center to center is: 

Pitch radius of large wheel + pitch radius of pinion 

Wied LO BOL Ce eau : Pear 
( +5)= 6 =] ic Wea , as against 113%” from 
actual measurement, the difference being only 4 of 4”, or zy”. 

In taking dimensions of gear-wheels, it is generally more 
exact to measure with a rule having inches divided into 


100 parts. 


46. The method of finding the pitch from the distances 
between centers is the only exact one, but cannot always be 
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employed ; in many cases, the circular pitch must be measured 
directly at the point where the two wheels are in mesh, guess- 
ing more or less at the location of the pitch line; this can be 
fairly accurately done, however, since the teeth touch at the 
pitch line when passing through the line connecting the centers 
of the wheels. This method must be employed invariably 


od SKETCHING § 18 


with miter and other bevel gears; it should always be employed 
as a check. 


47. Curved Outlines: Fillets——When curved outlines 
occur in frames of machines, they sometimes give considerable 
trouble in sketching. Fortunately, the dimensions are in such 
cases seldom required to be exact, and the measurements can 
be rounded off. The frame, Fig. 15, is an example. To get 
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the curved outline of the stand, the two-foot rule was held 
vertically in the center and horizontal measurements taken at 
various points of the rule, as illustrated in Fig. 39. 


48. Sharp corners are avoided in machine frames when- 
ever possible, being rounded off by fillets. It is generally 
sufficient to measure the radius of such fillets approximately. 
Small ones may be judged entirely by the eye, by placing the 
rule against the surface of the object where one end of the 
curve begins and reading off the length to a point that appears 
to be just in line with the other end of the curve. See Fig. 40. 
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Large fillets are best measured by means of the rule and square, 
by placing, as before, the rule against one surface of the object 
where the curve begins 
and the square on the 
other surface, and slid- 
ing it against the rule 
until both indicate the 
same distance ; as illus- 
trated in Fig. 41. 
There are “casé€s, 
however, in which it 


is essential to get a 
curved outline exactly. 
In such cases it is best, 
if possible, to trace the 
outline by placing the object on the sketching pad and running 
the pencil point along the curves, as was done with the curved 
piece, Figs. 7 and 8. 
Evidently this method 
cannot always be 
resorted to, as, for 
instance, when the ob- 
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ject is large or when 
the curve is so located 
on the object that it 
cannot be traced. The 
cam shown in Fig. 42 
isan example. In such 
cases nothing short of 
a templet, made of stiff 
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paper or even tin plate, 
will suffice. The sheet 
is placed over the curve 
and by gentle taps with the hand or a peen hammer the outline 
is transferred. 
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49. Sketching a Machine Casting.—The tailstock 
casting selected for the sketch shown in Fig. 43 and of which 
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Fig. 44 is the finished drawing, is shown in perspective in 
Fig. 45. This is the same tailstock described in Mechanical 
Drawing, Part 3, in the chapter on Reading a Working Draw- 
ing. A cast-iron frame with its cored-out portions and its 
reinforcements of metal in the form of webs and bosses often 
taxes the ingenuity of the draftsman when he has to make a 
fully dimensioned sketch. Many shapes are hidden and diff- 
cult of access and the object must be carefully studied and 
examined before such details can be outlined and dimensioned. 
Such a study of an actual 
machine detail is very similar 
to the reading of a working 
drawing. 
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50. The casting was first 
sketched in its entirety, in three 
views: an end elevation, a front 
view, and a partial top view, 
or plan. The end elevation and 
the front view were sketched 
in conjunction with each other, 
and the top view was sketched 
last. In order to understand 
the sketch better, it should be studied with reference to the 
perspective views of the complete tailstock shown in Fig. 45 
(a) and (6). A section of the casting, taken between the 
barrel and the base, is shown in perspective in Fig. 45 (c). 
This section, in connection with view (b), shows clearly the 
construction of the upright part of the frame that supports 
the horizontal barrel. By first locating the horizontal and 
vertical center lines, the three views were brought in proper 
relation to one another, and they were sketched complete 
before being dimensioned. A study of the sketch will show 
what dimensions are needed for a finished working drawing, 
and the same dimensions which are marked on the sketch also 
appear on the finished drawing. The methods employed in 
taking the measurements of the tailstock for use on this sketch 
were similar to those that have already been described. 
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o1. Sketching 
Complete Machines. 
To sketch a complicated 
machine requires a con- 
siderable amount of 
experience and is some- 
thing that is very seldom 
undertaken in present- 
day practice. After the 
necessary views of the 
machine have been 
sketched, the various 
measurements are ob- 
tained, those being taken 
first which can be ascer- 
tained without removing 
any of the parts. Most 
of the outside dimen- 
sions, either of the 
frame or of parts fast- 
ened to it, are obtained 
at this time, also the dis- 
tances between shaft 
centers and their heights 
above the base lines, etc. 
After obtaining as many 
dimensions as_ possible 
without dismantling the 
machine, and especially 
dimensions which are 
common to pieces fitted 
together, one part after 
another has to be taken 
off to get at other dimen- 
sions. The taking apart 
must be done very care- 
fully, so as not to miss 
any detail, however small, 
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that is of importance. Whenever necessary, separate sketches 
are made of parts that would be represented on too small a scale 
in the main views to be clearly seen. When a separate sketch 1s 
made on the same sheet on which the main view is sketched, a 
line should be drawn from the separate detail to the main view, 
indicating the place where it belongs. If the detail is sketched 
on a separate sheet, a note with reference letters should indi- 
cate its position on the main view. 

It should be remembered that the various dimensions are 
rarely written more than once on the sketches, and that dimen- 
sions of one and the same part may often be found in entirely 
different places, perhaps in connection with the part to which 
it is to be fitted. It is therefore necessary that the draftsman 
clearly understands the construction and function of the 
machine before he attempts to lay out a drawing from the 
sketches. 


CONCLUSION 


52. It is advisable to practice sketching at every oppor- 
tunity. Any convenient object may be sketched, as, for exam- 
ple, a monkeywrench, a table, a vise, parts of a sewing machine, 
etc. The kitchen stove or a wagon will present considerable 
difficulty. No matter what the object may be that is sketched, 
it must always be kept in mind that every sketch must be so 
made and dimensioned that a working or finished drawing can 
be made from it without the necessity of seeing the object 
again. Hence, it is advisable not only to make sketches of 
convenient objects, but also to make at least pencil drawings 
from these sketches. The making of the drawings will reveal 
any omissions or defects in the sketches, and will afford the 
best kind of practice. 

After a certain degree of proficiency has been attained and 
confidence gained, it will be of great value if permission can 
be obtained at some machine shop or similar place to make 
sketches of small machines and tools. Then, when one obtains 
employment as a mechanical draftsman, the work will be found 
comparatively easy, and advancement more rapid. 


PRACTICAL PROJECTION 


(PART 1) 


FUNDAMENTAL PRINCIPLES 


INTRODUCTION 


DEFINITIONS 


1. When any artisan or mechanic is required to make 
some article, it is evident that at least a verbal description 
of the article must be furnished. This verbal description 
of the thing to be made must not only give a clear idea of 
its form but of its dimensions as well, and also specify the 
kind and quality of material to be used in making it. Verbal 
descriptions of even very simple articles rarely prove satisfac- 
tory, as they are easily misunderstood; furthermore, in case 
an error is made, it is difficult to place the responsibility for 
the mistake where it belongs. Hence, it is obvious that a 
written description of the article is greatly preferable to a 
verbal one; but, even with a written explanation, the liability 
of forming a wrong conception of the shape of the article 
still exists. The safest, shortest, and most convenient method 
of describing the form of an article is by means of a properly 
executed drawing. In such a drawing, every detail of the 
article is correctly represented, so that all measurements 
required for its construction can be obtained from the draw- 
ing, which, furthermore, shows exactly how the article will 
appear when completed. 
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The process of making correct representations of objects by 
means of drawings is called orthographic projection and 
also projection drawing. 


2. In general, anything shaped or formed to serve as a 
model or guide in forming something else is called a pattern. 
In sheet-metal work and boilermaking, the term pattern 
refers specifically to that outline on a flat sheet which wiil 
give an article of the required form and size when the sheet 
is properly bent. 

If the same article is to be produced repeatedly, the pat- 
tern may be drawn on a thin sheet of metal, which is then cut 
to the outline drawn. This sheet is laid successively on the 
material from which each like part of each article is to be 
made, and its outline is marked off; when a pattern is thus 
used it is called a templet. The object of using a templet 
is to save the time required to lay out a pattern on each sheet. 


WORKING DRAWINGS 


3. In general, before a pattern of any sheet-metal article 
can be produced, a projection drawing of the article must 
be made, enough views being given to show clearly the 
shape and size of the article. Since this drawing is used by 
the workman, it is called a working drawing. It may 
show the article full size, when it is called a full-size 
drawing, or it may be made to such a scale that the draw- 
ing 1s very much smaller than the article itself, when it is 
spoken of as a drawing made to a reduced seale. In the 
case of very simple articles, working drawings are sometimes 
omitted. 
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PLANES AND LINES OF PROJECTION 


PRINCIPAL PLANES OF PROJECTION 


4. The most familiar representations of objects are those 
used merely for illustrative purposes and known as perspee- 
tive drawings. They are of comparatively little value to 
the artisan or mechanic, because they can rarely be made to 
serve as working drawings; although they may give per- 
fectly correct ideas of the form, proportions, and general 
appearance of the object, they. are not drawn to a scale in 
the same manner as are projection drawings. In a perspec- 
tive drawing, the purpose of which is to show the object as 
it actually appears to the eye, some lines that are parallel 
on the object are represented by lines that converge, equal 
lines are represented by lines of unequal length, right angles 
on the object are represented by angles that are obtuse or 
acute; so that, in general, to obtain working measurements 
therefrom is an operation both complicated and indirect. To 
make this clear, a perspective drawing of a prism with par- 
allel ends and parallel edges 
io presented im Pig. 1. It 
will be observed that the 
drawing represents the 
prism as it appears to the 
eye; thus, the edge AB 
seems to be parallel to the Fic. 1 
edges C D and # FP. Vet, if a pair of dividers is used for 
comparing the lengths A C with B D, A E with B F and EC 
with F D, it will be found that they are not equal and hence 
the edges of the prism are not parallel in the illustration, 
although they look to be so. The illustration has been drawn 
to show a prism having ends that form equilateral triangles, 
that is, triangles in which all angles are equal; on comparing 
the angles EAC, AC E, and CEA, it will be found that 
they are not equal in the illustration, although they appear 
to be so, and are parallel in reality on the prism. 


----------B 
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In Fig. 2 is presented an orthographic projection drawing 
of the prism illustrated in Fig. 1, three views being given. 
In this drawing, the edge ab is actually drawn parallel to 
the edges cd and ef, and the angles bdf, dfb, and fbd 
are equal, since the edges bd, df, and f b are of equal length. 
Consequently, if the drawing is made to some indicated 
scale, the actual length of each edge can be measured directly 
therefrom, and the angles can be determined by using a 
protractor. 


5. To a person unconversant with the principies of pro- 
jection drawing, Fig. 2, which is really an undimensioned 
working drawing of the prism, will probably be meaningless; 
to one familiar with these principles, the lines of each view, 
considered in relation to those of the other views, have a 
definite and unmistakable meaning. 

In the method of projection drawing in almost universal 
use in the United States of America, the object to be drawn 
is supposed to lie within transparent planes perpendicular, 
that is, at right angles, to one another and infinite in extent; 
these are called the principal planes of projection, 
and sometimes principal reference planes. Suppose 
that three of these imaginary planes are represented by the 
thin sheets of glass X, Y, and Z in Fig. 3, perpendicular to 
one another, and suppose that the sheets Y and Z are each 
hinged to X so they can be swung upwards level with X. 
The plane X is always supposed to be horizontal, and hence 
is called the horizontal plane; the plane Y is vertical and 
in front of the object, and is called the front vertical 
plane; the plane Z is also vertical and to one side of the object, 
and is variously called the end, side, or profile plane. 
For brevity, these principal planes are referred to as the 
horizontal, the front, and the end or side or profile plane. 

Assume that the prism. .ABCOEF of Fig. 1 is. placed 
within the reference planes X, Y, and Z of Fig. 3, which may 
be likened to three sides of a transparent box. In imagination, 
bring the eye into a position vertically above the corner A 
of the prism; the imaginary straight line from the eye to the 
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corner A is called a line of sight, and that part of the 
line of sight from the corner A to the point of intersection a 
of the line of sight with the horizontal plane X 1s called a 
projector. The intersection of a projector with a given 
reference plane is the projection of the point from which 
the projector is drawn. By imagining the eye to be placed 
successively over the different corners of the prism, the pro- 
jections a, b, c, d, e, and f of the corners are given on the hori- 
zontal plane X. Joining these points of projection by lines 
gives the outline caefbd, which is the horizontal pro- 
jection of the prism. If the projection of the corners of 
the prism is repeated on the planes Y and Z, the lines of sight 
and hence the projectors being perpendicular to these planes, 
the front projection abdc of the prism is given on the 
front plane Y and the side projection b dj on the side 
plane Z. 


6. The line of intersection of the horizontal plane with 
the front plane is called the horizontal axis; the line of 
intersection of the horizontal plane with the side plane is the 
side axis; the line of intersection of the front plane with the 
side plane is the vertical axis. The point O, Fig. 3, where 
the three axes intersect, is called the origin of the axes. 


%. On an actual orthographic projection drawing, the 
different projections of an object are, of necessity, shown on 
a single plane. Imagine the front plane Y, Fig. 3, to be 
turned upwards on the horizontal axis, and the side plane Z 
to be turned upwards on the side axis until they are level 
with the horizontal plane, or as shown in Fig. 4. Then, the 
horizontal projection of the prism, the front projection, and 
the side projection will all be in one plane, the same as that 
of the drawing shown in Fig. 2. 

The projection drawn on the horizontal plane is called 
either the plan view, the horizontal view, the horizontal 
projection, or the top view; the projection on the front 
plane is the front view, front projection, or front eleva- 
tion; the projection on the side plane is the side view, side 
projection, end view, or side elevation. 
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8. The different views are often arranged on the drawing 
as shown in Fig. 4; frequently, however, it becomes neces- 
sary or is advisable to have the side view at the right of the 
front view. To place the side view thus, the side plane is 
imagined to be turned on the vertical axis until it is level with 
the front plane, and the front plane and side plane are then 
turned on the horizontal axis until they are level with the 
horizontal plane, as indicated in Fig. 5. 


AUXILIARY PLANES OF. PROJECTION 


9. When a surface of an object is parallel to a reference 
plane, the projection of that surface on the reference plane 
is called a full view; all lines forming the outline of that 
surface are shown in their true length in a full view. All lines 
parallel to a reference plane, when projected thereon, are also 
shown in their true length. Lines making an angle with a 
reference plane, when projected thereon, are shown shorter 
than they really are; such a line, when projected, is said to 
be foreshortened. 

Referring back to Fig. 3, the prism is so placed within the 
reference planes that the edges A B, CD, and EF are par- 
allel to the horizontal and front planes, and the edges AC, 
BD, CE, DF, AE, and BF, which define the end sur- 
faces of the prism, are in planes parallel to the side plane, 
and hence are parallel to the side plane. Then, on the front 
plane Y the projected lines ab and cd are true projections 
of the edges A B and C D; the edges ac and bd are not of 
the same length, however, as the edges A C and B D, but are 
foreshortened. The true length of the edges A B, C D, and 
E F is also given on the horizontal plane X by the projected 
lines a b, cd, and ej, and the edges ac, ae, bd, and bf show 
foreshortened, as they make an angle with that plane. The 
true length of the edges AC or BD, A Eor BF, and CE or 
D F is given by the projected lines 5 d, b f, and df on the side 
plane Z, since they are parallel to that plane. 


10. In practice, it often happens that objects have sur- 
faces not parallel to the principal reference planes, and that 
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full views of such surfaces are required for the purpose of 
construction. In such a case, it is customary to make use 
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of an imaginary reference plane parallel to the surface to be 
projected; this plane is called an auxiliary reference 
plane, or auxiliary plane of projection. 
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Suppose it is required to make a projection drawing for 
a casting having the form shown in Fig. 6. This casting, 
as shown in Fig. 7, can, in imagination, be placed inside of 
the three principal planes X, Y, and Z so that most of its 
edges can be projected in their true lengths. In order to 
obtain a full view of the two lugs a, b, Fig. 6, projecting from 
one corner of the casting, the auxiliary reference plane W, 


Fig. 7, is in imagination placed parallel to the end surface of 
the two lugs, and the lugs are projected thereon, as shown. 
It will be noticed that the auxiliary reference plane W inter- 
sects the three principal reference planes; the lines of inter- 
section of any auxiliary reference plane with the three prin- 
cipal reference planes are called the traces of the auxiliary 
plane, and on a drawing they define the exact position of the 
auxiliary plane. Specifically, the intersection of an auxiliary 
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plane with the horizontal plane is called its horizontal trace; 
the intersection with the front plane is the front trace, and 
the intersection with the side plane is the side trace of the 
given auxiliary reference plane. The intersections of the 
three traces are always in the horizontal axis, vertical axis, 
and side axis of the three principal reference planes. In the 
case of an auxiliary plane that is perpendicular to one and 
inclined to two of the principal planes, as the plane W in 
Fig. 7, the traces intersect on but two of the axes. 

If, now, the front plane Y and the side plane Z are turned 
upwards on the horizontal axis, and side axis, and if the 
auxiliary plane W is turned upwards on its horizontal trace, 
until the three planes are level with the horizontal plane X, 
the four projected views, as shown in Fig. 8, are brought 
into a single plane, which is that on which the drawing is 
made. In the finished working drawing, the different axes 
of the principal planes and traces of the auxiliary planes are 
rarely shown, although they are sometimes drawn in pencil to 
permit the projection of the different views and afterwards 

D erased. 


11. Auxiliary reference planes are 
not necessarily perpendicular to one of 
the principal planes, since, in many 
iB cases, the surface of which a full view is 
; desired is not perpendicular to a prin- 

cipal plane of projection. In Fig. 9 is 
gees shown a regular triangular pyramid in 

which the base ABC is equilateral; the three sides 
ACD, ABD, and CBD are equal and their side edges 
form isosceles triangles with the base edges. This solid 
is of such a shape that only one of its surfaces can be 
parallel to one of the. principal reference planes, and con- 
sequently the projections of the other surfaces on the two 
other principal reference planes will be foreshortened. If 
it be required to construct the triangular pyramid, say of 
cardboard, it is necessary to know the correct length of one 
edge of the base and one edge of a side, as the edges A C and 
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C D, for instance. Suppose that the pyramid is placed inside 
of the three principal reference planes X, Y, and Z, Fig. 10, 
so that its base A B C is parallel to the horizontal plane, and 
the edge BC is not parallel to the side plane. Then, the 
projections ab, bc, and ca of the edges AB, BC, and CA 
will show in their true lengths in the horizontal plane X. 
Since the sides of the pyramid are equal, a full view of one 
side is sufficient. This is obtained by making use of an 
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auxiliary plane W parallel to the side BC D and projecting 
into the auxiliary plane the edges BC, C D, and DB. 

To bring the four projected views into a single horizontal 
plane, which, in practice, is the plane of the drawing, the 
front and side planes are turned on their axes y and g, and the 
auxiliary plane on one of its traces, say the horizontal trace w, 
until they are level with the horizontal plane, or as shown 
in Fig. 11. 


12. It often happens that the external appearance of 
an object is simplicity itself compared with its internal 
arrangement, and as all sorts of hollow objects, which cannot 
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be explained by external views alone, must be mar.ufac- 
tured, means of showing this internal construction are neces- 
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sary. The required result is accomplished by passing an 
imaginary plane through 
the object, cutting it in 
two, as it were, whence 
this auxiliary reference 


plane derives the name 


of eutting plane. For 
instance, assume that it 
is required to show the 
internal construction of 
the object pictured in 
Fig. 12; it will be obvious that the external view gives no 
idea as to the internal construction. 


§ 19 PRACTICAL PROJECTION 13 


To obtain a view of the interior, the object is placed inside 
of the principal reference planes, as shown in Fig. 13, using, 
in this case, the horizontal plane X and the side plane Z, 
although the horizontal and front planes may be used just as 
well. The object is now cut in two by the imaginary cutting 
plane xv and the part next to the side plane is removed. 
The edges on the cutting plane, which, in this case, is taken 
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parallel to the side plane Z, are now projected on the side 
plane, as shown. The projected view on this plane is called 
a sectional view, or section for brevity. If, now, the 
side plane Z, Fig. 13, is turned upwards on the side axis until 
it is level with the horizontal plane X, the plan and section 
will be in one plane, which is that of the drawing, and will 
appear as shown in Fig. 14. 
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13. <A cutting plane need not necessarily be parallel to 
one of the principal planes of reference; if it makes an angle 
with them, the sectional view, if a full view is required, is 
projected on an auxiliary reference plane parallel to the 
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cutting plane, which auxiliary reference plane is then turned 
to the level of the horizontal plane. Generally speaking, if 
circumstances permit, it is advisable to have the cutting plane 
parallel to a principal plane. 


PROJECTION LINES ON DRAWINGS 


14. In making an actual projection drawing, where all 
views are necessarily drawn on a single plane, as that of the 
drawing board, for instance, a projector, which is that part 
of a line of sight extending from a given point of the object 
to be drawn to a reference plane, can be made use of only in 
an indirect manner. Keeping in mind that a projector is 
always at right angles to the reference plane to which it leads, 
consider Fig. 15 (a), where the given point A is definitively 
located in space in reference to the three principal planes X, Y, 
and Z by the projectors Ax, Ay, and Az. Now imagine 
that the projector A x is itself projected on the front plane Y 
as shown by the straight line y y’, and also on the side plane Z 
as shown by the straight line 22’. Furthermore, imagine 
that the projectors A y and A zare projected into the horizontal 
plane X, as shown by xy’ and x2’. Then, the projections 
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xy’ and y’y intersect on the horizontal axis and are per- 
pendicular to it; the projections x 2’ and 2’ z intersect on the 
side axis, to which they are perpendicular. 

If the front plane and the side plane are now turned on the 
horizontal and side axes until they are level with the hori- 
zontal plane, as shown in Fig. 15 (6), the projections of the 
projectors are represented by the two straight lines x y’ y and 
x 2’ 2; these projections of projectors are the lines used in 
making a projection drawing, and to distinguish them from 
the imaginary projectors they are called projection lines, 
and often construction lines. From what has been said, 
it will be obvious that a projection line crossing one of the 
axes of the three principal planes is a representation of two 
projectors; furthermore, projection lines are always per- 
pendicular to the axes of the principal reference planes, as 
shown in Fig. 15 (c), which illustrates in orthographic pro- 
jection what Fig. 15 (6) shows in perspective. 


15. In case a point in space is projected on an auxiliary 
reference plane, as was shown in Fig. 10, the two projections 
of the projector, when the auxiliary plane is turned to the 
level of the horizontal plane on the trace crossed by the 
projections, will form a single straight projection line per- 
pendicular to the trace. Thus, in Fig. 11, projection lines, 
as ab, cd, and ej, passing into the auxiliary plane W are 
perpendicular to the trace w. 


16. Returning again to Fig. 15, suppose that it is desir- 
able to have the end view to the right of the front view. In 
imagination, the projector A z, Fig. 15 (a), is projected into 
the front plane Y as shown by the straight line y 2’’, and the 
projector A y is projected into the side plane Z as shown by 
the straight line z2’’.. To bring the three planes into the 
plane of the drawing, the side plane is turned on the vertical 
axis and the front plane on the horizontal axis until both are 
level with the horizontal plane, which position is shown in 
perspective in Fig. 15 @), and in Fie 15 (ec) as it would 
appear on a projection drawing. 
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17. It is not necessary that the side plane shall be located 
at the right of the front plane, or of the horizontal plane; it 
may be and often is taker at the left of the other planes. 
When a bottom view of an object is desired, a plane parallel 
to the horizontal plane is imagined to be beneath the object; 
when a rear view is desired, a plane parallel to the front plane 
is in imagination placed between the observer and the rear 
on the Object: 


18. It is an axiom of geometry that the exact location 
of a plane is given by two parallel lines, or by two straight 
lines that can or do intersect, or by one straight line and one 
point, or by three points not in the same straight line. Since, 
in Fig. 15 (a), the projectors and their projections are parallel, 
each projector and its projection locates an auxiliary plane 
whose one trace is the projection of the projector. Thus, the 
auxiliary plane A z2’’ y has as its traces the projections y 2” 
and 2” 2; the auxiliary plane A zz’ x has as its traces the 
projections x 2’ and 2’ 2; the auxiliary plane A x7’ y has as 
its traces the projections x y’ and y’ y. In other words, pro- 
jections of projectors, and hence projection lines on drawings, 
may be conceived to be traces of auxiliary planes. The 
viewing of projection lines as traces of planes often proves 
very useful in solving problems that require the use of an 
auxiliary plane oblique to the three principal planes. 


REVOLVED AXES AND TRACES 


19. Referring to Fig. 15 (a), assume that the planes X, Y, 
and Z are made of very thin glass. Then, the vertical axis 
may be considered to be the junction of one edge of the front 
plane with the front edge of the side plane, and the side axis 
as the junction of one edge of the horizontal plane with the 
top edge of the side plane. If the front and side planes are 
now turned to the level of the horizontal plane, as indicated 
in Fig. 15 (0), the front edge of the side plane becomes a 
continuation of the horizontal! axis; this position of the front 
edge is called the revolved vertical axis. If the front 
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and side planes are turned into the position shown in 
Fig. 15 (d), the top edge of the side plane becomes a con- 
tinuation of the horizontal axis and is called the revolved 
side axis. From the foregoing, it will be apparent that the 
same straight line forming a continuation of the horizontal 
axis beyond the origin of the axes is either the revolved 
vertical axis or the revolved side axis, depending on the 
position into which the side plane is revolved. 


20. Referring to Fig. 10, the front trace w’ may be con- 
ceived to be the junction of an edge of the front plane with 
the front edge of the auxiliary plane W. Likewise, the side 
trace w’’ may be considered as a junction of the side edge of 
the auxiliary plane W with the side plane Z. When the 
front plane, auxiliary plane, and side plane are turned to the 
level of the horizontal plane, as indicated in Fig. 11, the front 
edge of the auxiliary plane W is at w,, and the side edge at wy. 
The edges w, and w, are called the revolved front trace 
and the revolved side trace, respectively. The edge w’’ 
is the side trace. 

Since revolved axes and traces are two important factors 
in the solution of problems arising in orthographic projection, 
the exact manner in which these factors are obtained, and 
what they represent, must not only be clearly and fully 
understood, but also firmly fixed in the mind. 


SUMMARY OF TECHNICAL TERMS 


21. In orthographic projection, the object is imagined to 
be within a transparent rectangular box, the top and bottom 
of which are the top horizontal and bottom horizontal planes; 
the right and left sides of the box are the right and left side 
planes; the front and back of the box are the front and rear 
planes. The transparent box has no fixed size; the only 
condition is that it must be larger than the object to be drawn. 

The intersections of the horizontal planes with either the 
front or the rear planes are the horizontal axes; the inter- 
sections of the side planes with the horizontal planes are the 
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side axes; the intersections of the front or rear planes with 
the side planes are the vertical axes. 

In practice, the bottom plane, rear plane, and one side 
plane are seldom used; the object to be drawn is, in imagina- 
tion, turned so that it can be drawn on the top horizontal 
plane, one side plane, and the front plane. This limits the 
axis used in practice to one horizontal axis, one vertical axis, 
and one side axis. 

Intersections of auxiliary planes with the principal planes 
are traces: intersections of the principal planes are aves. 

Projections of projectors are projection lines and are always 
perpendicular to axes and traces; when convenient, projection 
lines may be considered as traces of auxiliary planes. A 
projection line crossing an axis or trace is the projection of 
two projectors. 

Revolved axes and traces may be conceived to be edges of 
planes that have been turned to the level of the horizontal 
plane; revolved axes are continuations of axes beyond their 
origin; traces and revolved traces always intersect on the axes. 

Auxiliary planes may be parallel and perpendicular to the 
principal planes; they may be perpendicular to one principal 
plane and oblique to two principal planes, or they may be 
oblique to the three principal planes. 


THIRD- AND FIRST-ANGLE PROJECTION 


22. In projection drawing, two methods of projection are 
used; they are termed third-angle projection and first-angle 
projection. The method first named is the one used almost 
exclusively in the United States of America, and is the one 
here treated; the second method is in common use in Europe. 

Referring to Fig. 16, let A BC D be a horizontal plane and 
EFGH a vertical plane intersecting it on the axis PO. 
There are formed four right angles; G P B is called the first 
angle; G PC, the second angle; C P F, the third angte; 
and F P B, the fourth angle. 

In Fig. 16 (a), a cylinder S is placed within the vertical 
plane POH G and the horizontal plane PO A B, which are 
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assumed to be opaque. The object to be drawn is assumed 
to be transparent. The lines of sight are projected from the 
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eye of the observer to the plane of projection, through the 
object. Since the object is within planes forming the first 
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angle, this method of projection drawing is called first-angle 
projection. 

In Fig. 16 (6), the object, in this case a cube 7, is placed 
inside of the planes PO DC and F PO E that form the third 
angle; the planes are assumed to be transparent and the 
lines of sight pass from the eye of the observer through the 
plane to the object. Since the object is placed in the third 
angle, this method of projection drawing is termed third- 
angle projection, and is the one explained here. 

The same results are obtained by the use of either method 
of projection, except in the relative positions of the different 
views on a drawing. In third-angle projection, a top view 
shows above a front view, and a right-hand side view shows 
at the right of the front or the top view, asin Fig. 15 (¢) and 
(e); in first-angle projection a top view shows below the front 
view, and a right-hand side view shows at the left of the 
front or the top view. 


PROJECTION OF POINTS 


PROJECTING A POINT ON PRINCIPAL PLANES 


23. The positions of two or more points locate lines, and 
the location and length of lines locate and define surfaces, 
which, in turn, bound solids. Consequently, the projection 
of solids ultimately resolves itself into the projection of 
points. Hence, if the principles underlying the projection of 
a point on any principal or auxiliary plane of projection are 
, thoroughly understood, little trouble will be experienced in 
projecting lines, and hence surfaces and solids, on any plane 
of projection. 


24, The simplest problem in projection drawing and the 
one that occurs the most frequently is to find the projection 
of a point on one of the three principal planes when its pro- 
jection on the two other planes is known. In making an 
actual drawing, the solution is as follows: The paper on 
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which the drawing is to be made having been fastened to the 
drawing board, a horizontal line of any convenient length, 
as ab in Fig. 17 (a), is drawn in any convenient location. 
Similarly, the vertical line ¢ d is drawn perpendicular to ab; 
its intersection e with the line ab is the origin of the axes. 
The part ed of the line cd represents the side axis and the 
part ec the vertical axis. If the side plane is at the right, 
the part a e of the horizontal line a b represents the horizontal 
axis; the part e 6 is the revolved vertical axis ec when the 
side plane is alongside of the horizontal plane, as shown in 
Fig. 15 (b), and the revolved side axis when the side plane is 
alongside of the front plane, as shown in Fig. 15 (d). 

The dot A on the horizontal plane and the dot A’ on the 
front plane are the two given projections of the point; from 


c 
(0) 
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what has been previously said, it will be apparent that the 
projection line A A’ is perpendicular to the horizontal axis ae. 
The part Aj of the projection line gives the exact distance 
the given point is from the front plane, and the part f A’ 
shows the distance the given point is below the horizontal 
plane. To find the projection of the given point on the side 
plane, a projection line is drawn through the projection A 
perpendicular to the side axis, or parallel to the horizontal 
axis, which is the same thing, and extending some distance 
into the side plane. Obviously, the projection of the given 
point on the side plane must be the same distance below the 
horizontal plane that it is on the front plane; consequently, 
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if the distance j A’ is measured and laid off from f’ on the 
projection line extending into the side plane, the projection A” 
of the given point is located on the side plane. 


25. Instead of transferring to the side plane the distance 
by measurement that the given point is located below the 
horizontal plane, the distance may be determined graphically 
in the manner shown in Fig. 17 (b). Through the projec- 
tion A’ of the point, a projection line is drawn to the vertical 
axis éc, intersecting it at g. Since this projection line is 
perpendicular to the vertical axis, it is parallel to the hori- 
zontal axis, and hence e gis equal tof A’. With the origin e 
of the axes as a center and the distance ¢ g as a radius, an 
arc is now struck, intersecting the revolved vertical axis eb 
in g’. At the point of intersection g’ is now erected a per- 
pendicular of sufficient length to intersect the projection line 
drawn through the point A into the side plane; the point of 
intersection A’ is the projection of the given point on the 
side plane, The distances 7 A“ and 7’ A” must be equal, 
because jf A’ =e g, eg=e g’, and since the perpendicular erected 
at 2’ is parallel to the side axis, e g’=7’ A”. 


26. The method of finding the third projection of a point 
on a principal plane when its projection on the two other 
principal planes is known, is the same in principle, no matter 
on what two principal planes the projection of the point is 
given, and no matter whether the side plane is alongside of 
the horizontal plane or of the front plane. Thus, in Fig. 18, 
the projections A and A’ of the point are given on the hori- 
zontal plane and on the side plare, the latter in this case 
being alongside of the front plane, on which the projection 
is to be found. Through A draw a perpendicular to the 
vertical axis ec and extending into the front plane; through 
A’, draw a perpendicular to the ho1izontal axis ae and also 
extending into the front plane. The intersection A” of the 
two projection lines is the projection »f the given point on 
the front plane. 

When the two given projections of a point are not on 
adjacent planes, that is, when the two projections cannot be 
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joined by a single straight projection line, as in Fig. 18, care 
must be exercised to see that the given projections are cor- 
rectly located on the drawing in reference to the axes. Thus, 
in Fig. 18, the distance f A must be equal to f’ A’, since both 
of these distances represent the distance between the front 
plane and the point whose 
projections are given. 


27. Suppose that A’ and 
AM’, Big 18) are the civem 
projections of the point. To 
find the projection on the side 
plane, draw a perpendicular 
from A” to the vertical axis, 
or what is the same thing, 
draw a projection line parallel 
to the horizontal axis ae and extending sufficiently far into the 
side plane. Make 7 A equal to j’ A’, either by measurement 
or by using the method shown in Fig. 17 (6); A will then be 
the required projection. 


Fic. 18 


28. Since the different axes serve as bases from which 
measurements are made, they are often called base lines, 
and also ground lines. 


PROJECTING A POINT ON AUXILIARY PLANES 


29. In projecting a point on an auxiliary plane, its pro- 
jection on two or three of the principal planes being given, 
there are two cases that occur, namely: (1) the auxiliary 
plane is oblique to two principal planes and perpendicular 
to the third; (2) the auxiliary plane is oblique to all three 
principal planes. Both cases are readily solved by the use 
of one or more supplementary planes, each perpendicular 
both to one principal plane and to the auxiliary plane. 


30. In Fig. 19 is shown the first case, the auxilary 
plane W being, in this instance, at right angles to the front 
plane. The projection of the point A on the front plane 
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and the horizontal plane, and also the traces of the auxiliary 
plane W, are given. 

The solution of the problem depends on the selection of the 
trace on which the 
auxiliary plane is 
turned to bring it to 
the level of the hori- 
zontal plane. Sup- 
pose that it 1s turned 
on its front trace. 
Draw the horizontal jill 
ans a6, Fig, 20 (a), 
and the horizontal 
trace 0c, which, since 
in this instance, the 
auxiliary plane is at 
right angles to the front plane, is at right angles to 
the horizontal axis, and draw the front trace bd. Locate 
the. given projections A’ and A” on the horizontal and 
front planes. Referring back to Fig. 19, pass, in imagi- 
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(a) 
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nation, a supplementary plane through the projection 
Aa and Ab. Since the projector A 6 is at right angles 
to the front plane and Aa at right angles to the 
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auxiliary plane, the plane passed through these projectors 
is also perpendicular to the front and auxiliary planes, and 
consequently its traces bc and ac are perpendicular to the 
front trace of the auxiliary plane W, on which trace the 
traces bc and ac intersect. In Fig. 20 (a), from the pro- 
jection A’ draw a perpendicular to the front trace b d, extend- 
ing it into the auxiliary plane. Since e A’ is the distance the 
given point is from the front plane, lay off e’ A’ =e A’ from 
the front trace; A’’”’ is the: projection of the given point on 
the auxiliary plane. 

If the auxiliary plane is turned around its horizontal trace, 
the solution of the problem is as shown in Fig. 20 (b). Through 
the projectors Aa and Ad, Fig. 19, pass, in imagination, 
a supplementary plane, which necessarily is perpendicular 
both to the horizontal plane and the auxiliary plane W. 
Then, its traces de and ea will be perpendicular to, and 
intersect on, the horizontal trace. Consequently, in Fig. 20 
(b), through the projection A’, pass a perpendicular to the 
horizontal trace bc, extending sufficiently into the auxiliary 
plane. From A” draw a perpendicular to the front trace b d, 
intersecting this trace at e. The distance the projection of 
the given point is from the horizontal trace is given by the 
distance 6 e; consequently, by laying off from the horizontal 
trace b ¢ the distance e’ A’ =b e, the required projection A’”” 
is found. The reason why e’ A’’=be can be readily seen 
by referring back to Fig. 19. Since the auxiliary plane W 
is perpendicular to the front plane, its front trace is per- 
pendicular to its horizontal trace. The trace ac is also 
perpendicular to the front trace and hence parallel to the 
horizontal trace. Likewise, the trace ae is. parallel to the 
front trace. From this it follows that e a=f c. 

Should it be inconvenient to transfer the distance be, 
Fig. 20 (6), by measurement, it can be done graphically by 
first drawing the revolved front trace bd’, and then drawing 
an arc ej} with b as a center and erecting a perpendicular at 
the point 7 on the revolved trace. The intersection A’” of 
this perpendicular with the projection line drawn across the 
horizontal trace is the projection of the given point. 
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31. When the auxiliary plane is perpendicular to one of 
the principal planes, the revolved trace is found by erecting 
a perpendicular at the intersection of the traces and on that 
trace on which the auxtliary plane was turned to the level 
of the horizontal plane, since, in this case, as a consideration 
of Fig. 19 will show, the horizontal trace, as well as the side 
tracé1s at fight ane 
gles to the front trace. 


32. The projec- 
tion of a point on 
an auxiliary plane 
oblique to all three 
principal planes, 
when the projections 
of the point on two 
principal planes and 
the traces of the aux- 
iliary plane are given, 
is solved by the use 
of two supplementary 
planes. Thus, in Fig. 
21), letw A be the 
point in space whose 
projections A’ and ¢ 
A” on the horizontal 
and front planes are 
given. Assume that 
through the projec- 
tor. AA” are passed 
two supplementary (0) 
planes, the one being eeu 
perpendicular to the horizontal plane and to the auxiliary 
plane, and the other perpendicular to the front plane and to 
the auxiliary plane, Then the traces A’ a and a A’” of the 
supplementary plane A A’aA’” are perpendicular to the 
horizontal trace; the traces A’ b and b A’” of the supple- 
mentary plane AA’’bA” are perpendicular to the front 
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trace. Obviously, the intersection of the traces a A’’” and 
b A’” on the auxiliary plane is the projection of the point A 
on that plane. 

Referring now to Fig. 21 (6), draw the front axis or base 
line de, the horizontal trace ef, and the front trace e g. 
Locate the given projections A’ and A” of the point. Assume 
that the auxiliary plane is turned on its horizontal trace to 
the level of the horizontal plane. Through A’ draw a per- 
pendicular to the horizontal trace e fj and extending sufficiently 
into the auxiliary plane; the projection of the point, as a con- 
¢ sideration of Fig. 21 
: c (a) will show, lies on 
| this projection line. 
| Next, in the manner 
} explained in Art. 33, 
lay off the revolved 
front trace eg’, and 
through the projec- 
tion A’ draw a per- 
pendicular to the 
front trace e g, inter- 
secting this trace at b. 
With e as a center 
Gidea wemarciiGes elo: 
describe an arc inter- 

f secting the revolved 

ieee front trace eg’ at b’. 

At 0’ erect a perpendicular. Its intersection A’’’ with the 

perpendicular to the horizontal trace is the required pro- 
jection. 


30. Reference to Fig 21 (a) shows that when an auxiliary 
plane is oblique to the three principal planes, its traces form 
a triangle and intersect on the axes. Consequently, the prob- 
lem of finding the location of a revolved trace resolves itself 
into erecting a triangle on that trace around which the 
auxiliary plane was turned to the level of the horizontal 
plane, the triangle having the three traces for its sides. 
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When all three traces are given, the triangle can be erected 
at once; when only two traces are given, the third trace must 
first be found. Referring to Fig. 22, let a b be the horizontal 
axis, bc the horizontal trace, and bd the front trace. It is 
required to find the revolved front trace. Cutting the two 
given traces, in any convenient location draw a perpendicular 
ej} to the horizontal axis, which axis is extended to any con- 
venient distance, say to g. Then, he is a side axis and hjfa 
vertical axis, the point being the origin. The length bc’ 
will be that of the horizontal trace and bd’ that of the front 
trace, corresponding to the position of the side plane indicated 
by ej. Suppose that the side plane has been turned on its 
vertical axis to bring it alongside of the front plane; h g is 
then the revolved side axis. The end c’ of the horizontal 
trace is the distance ic’ from the origin h; since the third 
trace (the side trace in this instance) joins d’ and c’ before the 
principal planes are turned to the level of the horizontal plane, 
it follows that by laying off on the revolved side axis hg 
from the origin i the distance h c’ the intersection of the side 
trace with the horizontal trace is given. This may be done 
by describing an arc with h as a center and /c’ as a radius, 
intersecting hg at c’’. The straight line joining d’ and c’’ is 
the side trace corresponding to }c’ and ba’. 

Suppose that the auxiliary plane is turned on its horizontal 
trace to the level of the horizontal plane. With b as a center 
and bd’ as a radius, describe an arc 717; with c’ as a center 
and d’ c’’ as a radius, describe an arc k / intersecting 17 at m. 
From b draw a straight line to m; the line b m is the revolved 
front trace. By joining c’ and m by a straight line the 
revolved side trace c’ m is given. 


PRACTICAL PROJECTION 


(PART 2) 


PROJECTION OF POINTS AND LINES 
PROJECTION OF POINTS 


GENERAL INSTRUCTIONS 


1; A number of exercises, each consisting of several 
sheets on each of which are one or more problems, are to be 
drawn by the student and sent to the International Corre- 
spondence Schools for correction. The sheets on which all 
the exercises are to be executed may be about 9 in. x 12 in. 
outside measurement, and must be § in.X11 in. within the 
border lines. The different lines on the drawings may be 
inked in or not, just as the student chooses. Any kind of 
paper may be used; however, a white paper having a hard, 
smooth, surface will permit the greatest accuracy, and is 
recommended. 

There will be two or more cases of each problem, of which 
the solution of the first case will be given quite fully; the other 
case or cases will be similar to the first, and are to be drawn 
by the student without further explanation. All problems 
on each sheet are to be drawn. Having completed the several 
sheets of an exercise, the number of the exercise, the title of 
the Paper and its part number, and the number of the sheet 
are to be written on each sheet at the top and outside of the 
border line. At the bottom of the sheet and outside of the 


COPYRIGHTED BY INTERNATIONAL TEXTBOOK COMPANY. ENTERED AT STATIONERS’ HALL, LONDON 


§ 19 


32 PRACTICAL PROJECTION e192 


border line are to be written the date the drawing was com- 
pleted by the student, the name of the student, the class 
letters, and the number. Thus, suppose the drawing is the 
first sheet of Exercise I, Practical Projection, Part 2, and that 
it was completed on May 14, 1912; suppose the name of the 
student is John Smith, his class letters are DCA, and his 
number is 1,280,679. Then, by consulting the reduced copy 
of Sheet I, Exercise I, on page 34, the form in which the 
information called for is to be written can be seen. On the 
back of each sheet of each exercise is to be written the full 
address of the student. Then mail all the sheets of each 
exercise, one exercise after the other, to the International 
Correspondence Schools, Scranton, Pa., for correction. Do 
not mail single sheets; mail only a complete exercise. 

The greatest of care must be exercised to do the work neatly 
and accurately. Reference letters and dimensions appearing 
on the reduced copies of the sheets are to be omitted. 


IMPORTANT ADVICE 


2. Particular attention is called to the fact that 
orthographic projection is not a matter of rules but 
of reasoning based upon knowledge of the underly- 
ing principles set forth in Part 1; therefore, every 
endeavor must be made by the student to master 
thoroughly these principles before any of the exer- 
ecises are drawn. An attempt to master projection 
drawing by simply drawing the problems given and 
hoping to learn the subject by intuition will surely 
result in failure and involve a waste of time. In 
order to obtain such a mastery of the subject as will 
enable him to solve at once any one of the innumer- 
able problems in orthographic projection that may 
arise in practice, it is absolutely necessary for the 
student to know the reason for every single step 
required in the solution of each problem given. He 
is cautioned against the error of thinking that he 
can learn the subject by beginning at once to pro- 
ject solids; he should bear in mind that solids are 
bounded by surfaces defined by lines that, in turn, 
are located by points. Hence, the student must, 
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first of all, learn to project points on any principal 
or auxiliary plane of projection in order to master 
the subject. 

The various problems presented and to be drawn 
by the student have been carefully selected to lead 
him from the simplest problem step by step to more 
difficult ones. 

In connection with the statement of the various 
problems, and also in solutions, certain points and 
lines are located in reference to the border lines of 
the sheets on which the solution of the problems are 
drawn; it should be clearly understood that the loea- 
tion of such points or lines is given only to prevent 
overlapping of the different views and solutions, and 
does not form a part of the solution. 

Unless specifically stated otherwise, the scale of 
all dimensions given in connection with problems 
is full size. 


EXERCISE I 


3. Projecting Points on Principal Planes.—Exer- 
cise I consists of three sheets containing, in all, fourteen prob- 
lems relating to the location of a point in space in reference 
to principal planes. Sheet I is to be divided into six equal 
spaces by lead-pencil lines, and Sheets II and III into four 


equal spaces. 


PROBLEM 1. Sheet I.—One corner of a cube, as shown in 
Fig. 1, is 13 inches below the horizontal plane and 1} inches 
from the front plane; find its projections on these two planes. 


So.tutTion.—Referring to the reduced copy of Sheet I, draw 
the horizontal axis a b in any convenient location, say 2 inches 
from the upper border line. In any convenient location draw 
a projection line cd perpendicular to the horizontal axis and 
extending sufficiently into both planes. From the inter- 
section e of cd and ab lay off ec=1% inches and ed=1} 
inches; c and d are the required projections. 

If the manner in which the imaginary front and side planes 
are turned on their axes to bring them level with the hori- 


zontal plane is kept in mind, no trouble will be experienced 
15438 
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in determining in which direction the measurements are to 
be laid off from the axes. 


oe ree 


Pie; 1 Bre 2 


PROBLEM 2.—The vertex of a cone, as shown in Fig. 2, is 
1 inches from the ‘horizontal plane and 14 inches from the 
front plane; find its projections on these two planes. 


Q 


ProBiEemM 3.—One corner of a tetrahedron, as shown in 
Fig. 3, is 1 inch from the front plane and 12 inches from the 
horizontal plane; find its projections on these two planes. 


ProBLeM 4.—The vertex of a pyramid is 1,3; inches from 
the side plane and 1, inches from the front plane, as shown 
in Fig. 4. The side plane is at the right of the front plane. 
Find the projections of the vertex on the two planes given. 


SOLUTION.—Draw the vertical axis ab and draw a pro- 
jection line cd in any convenient location. From the inter- 
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section ¢ lay off ec=1; inches and ed=1, inches. The 
points c and d are the required projections. 
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ProsiEeM 5.—Find the front and side projections of one 
corner of a prism, the corner being 14 inches from the front 
and side planes, as shown in Fig. 5. The side plane is at 
the right of the front plane. 


Prosiem 6.—Find the front and side projections of the 
vertex of a cone, the vertex being 17 inches from the front 
plane and 1,% inches from the side plane, as shown in Fig. 6, 
the side plane being at the left of the front plane. 


4, Propiem 7. Sheet I].—One corner of a prism is 
1 inch from the front plane and 2 inches from the horizontal 
plane, as shown in Fig. 7. Find its projections on the front, 
horizontal, and side planes, the side plane being at the right 
of the front plane. 


Bie, 5 Fic. 6 


SoLuTION.—Referring to the reduced copy of Sheet IT, 
draw the horizontal axis ab and the vertical axis bc in any 
convenient location, say 14 inches from the upper border line 
and 3 inches from the left border line. Since the distance 
of the point from the side plane is not given, draw at any 
convenient distance from the vertical axis a projection 
line d e perpendicular to the horizontal axis. From its inter- 
section } lay off fd=1 inch, and }e=2 inches. The points 
d and e are the required projections on the horizontal and 
front planes. To find the projection on the side plane, 
through e draw a perpendicular eg to the vertical axis bc 
and extend it sufficiently far into the side plane; the projec- 
tion line just drawn is obviously parallel to the horizontal 
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axis ab. From the intersection h lay off h g=jd= | inch. 
The point g is the required projection on the side plane. 


ProBLeM 8.—The vertex of a pyramid is 1} inches from 
the front plane and 13 inches from the horizontal plane. Find 
its projections on the three principal planes, the aide plane 
being at the right of the front plane. 

Locate the horizontal axis 1? inches from the upper border 
line, and the vertical axis 24 inches from the right border. line. 


Prosp_eM 9.—A point is 14 inches from the front plane 
and 13 inches from the horizontal plane. The side plane 
being at the right of the front plane, find the projections on 
the three planes. 


SoLuTion.—Referring to the reduced copy of Sheet II, 
draw the ‘horizontal axis, or base line ab, and the vertical 
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and side axes or base lines b ¢ and bd, as well as the revolved 
side axis be, in any convenient location, say 2} inches from 
the lower border line and 3 inches from the left border line. 
Since the distance of the point from the side plane is not 
given, draw a projection line 7 g anywhere to the left of the 
origin b and by measuring from the horizontal base line ab 
locate the projections f and g on the horizontal and front 
planes. Through f draw a projection line perpendicular to 
the side axis, or base line, and hence parallel to the horizontal 
axis, or base line, and intersecting the side axis, or base line, 
at h. Through g draw a projection line gz extending suffi- 
ciently far into the side plane. With the origin 6 as a center 
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and a radius bh, describe an arc intersecting the revolved 
side axis in 7. Through the point 7 draw a line 7 k perpen- 
dicular to the revolved side axis, and hence parallel to the 
vertical axis 6c; the intersection / of the projection lines 7 k 
and gz is the projection of the given point on the side plane. 


ProspLEM 10,—The vertex of a pyramid is 14 inches from 
the horizontal plane and from the front plane, as shown in 
Fig. 8. Find its projections on all three planes when the 
side plane is at the right of the horizontal plane, using the 
graphical method explained in the solution of Problem 9. 

Locate the horizontal axis 2 inches from the lower border 
line and the vertical axis 24 inches from the right border line. 


5. PropieM 11. Sheet I1]—The vertex of a cone is 
24 inches below the horizontal plane and # inch from the front 
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plane, as shown in Fig. 9. The side plane being at the left 
of the horizontal plane, find the projections of the vertex on 
the three planes. 


PRoBLEM 12.—A point is 1} inches from both the horizontal 
and the front plane. The side plane being at the left of the 
horizontal plane, find the projections of the point on the 
three planes. 

Locate the horizontal axis 2 inches from the upper border 
line and the vertical axis 22 inches from the right border 
line. 


PRoBLEM 13.—One corner of a wedge is 2 inches from the 
front plane and 1 inch from the horizontal plane, as shown 
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in Fig. 10. The side plane being at the left of the front plane, 
find the three projections of the point. 

Locate the horizontal axis 14 inches from the lower border 
line and the side axis 3 inches from the left border line. 


ProsBLEM 14.—A point is $ inch from the horizontal plane, 
1? inches from the front plane, and 2 inches from the side 
plane, which is at the left of the front plane. Find the pro- 
jections of the point on the three planes, using the graphical 
method explained in the solution of Problem 9. 

Locate the horizontal axis 14 inches from the lower border 
line and the side axis 23 inches from the right border line. 


EXERCISE I 
6. Projecting Points on Auxiliary Planes.—This 
exercise consists of three sheets; the various problems given 
relate to the projection of a point on an auxiliary plane. 


ProBieM 15. Sheet I.—One corner of the inclined side of 
the object shown in Fig. 11 is 1 inches from the front plane 
and 1% inches from the horizontal plane. Find its projection 
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on an auxiliary plane perpendicular to the front plane and 
making an angle of 60° with the horizontal plane, in the 
direction shown, the auxiliary plane having been turned on 
its front trace and being at the right. 


So_tutTion.—Referring to the reduced copy of Sheet I, 
Exercise II, draw the horizontal axis, or base line ab, in 
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any convenient location, say 2 inches from the upper border 
line, and let the end b be 22 inches from the left border line; 
draw the front trace bc of the auxiliary plane at an angle 
of 60° to the horizontal base line, as shown. Since the dis- 
tance of the point from the auxiliary plane is not given, draw 
the projection line d e in any convenient location perpendicular 
to the horizontal base line and make }d=12 inches and 
j e=1% inches, thus locating the projections d and e on the 
horizontal and the front plane, respectively. Through the 
projection e draw a projection line eg perpendicular to the 
front trace bc and make h g=f{d=1# inches; g is the pro- 
jection of the given point on the auxiliary plane. 


PROBLEM 16.—A point is 1% inches from the front plane 
and 1? inches from the horizontal plane. Find its projection 
on an auxiliary plane perpendicular to the front plane and 
making an angle of 45° with the horizontal plane, measured 
as in Fig. 11, the auxiliary plane having been turned on its 
front trace and being at the right. 

Locate the horizontal axis 2 inches from the upper border 
line and the intersection of the front trace with the horizontal 
axis 2? inches from the right border line. 


ProBLEM 17.—One corner of the casting shown in Fig. 12 
is 12 inches from the front plane and 14 inches from the 
horizontal plane. Find its projection on an auxiliary plane 
perpendicular to the horizontal plane and making an angle 
of 45°, measured as shown, with the front plane. The 
auxiliary plane is at the right and turned on its horizontal 
trace. 

Locate the horizontal axis 2 inches from the lower border 
line and the intersection of the horizontal trace with the 
horizontal axis 23 inches from the left border line. 


Pros_eM 18.—A point is 13 inches from the front plane 
and 14 inches from the horizontal plane. Find its projection 
on an auxiliary plane perpendicular to the horizontal plane 
and making an angle of 60° with the front plane, measured 
asin Fig. 12. The auxiliary plane is at the right and turned 
on its horizontal trace. 
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Locate the horizontal axis 2 inches from the lower border 
line, and the intersection of the horizontal trace with the 
horizontal axis 2? inches from the right border line. 


7. Propitem 19. Sheet I1—One corner of the object 
shown in Fig. 13 is 14 inches from the front plane and 
1$ inches from the horizontal plane. Find its projection on 
an auxiliary plane making an angle of 60°, as shown in 
Fig. 13, with the horizontal plane and being perpendicular to 
the front plane. The auxiliary plane is at the right and 
turned on its horizontal trace. 


SOLUTION.—Referring to the reduced copy of Sheet II, 
Exercise II, draw the horizontal axis ab in any convenient 
location, say 2 inches from the upper border line, placing the 
end 6 2? inches from the left border line; draw the: front 
trace bc. Since the auxiliary plane is perpendicular to the 
front plane, its horizontal trace is perpendicular to the hori- 
zontal axis; consequently, through the point b where the front 
trace intersects the horizontal axis draw a line bd perpen- 
dicular to a b; the line bd is the horizontal trace. In any 
convenient location draw a projection line e/ and on it locate 
the projections e and }, 14 inches and 13 inches, respectively, 
from the horizontal axis. Through the projection e draw 
a projection line perpendicular to the horizontal trace and 
extending sufficiently far into the auxiliary plane. Through 
the projection / draw a projection line 7 g perpendicular to the 
front trace. On the projection line drawn through the 
horizontal trace lay off hi=bg; 1 is the projection of the 
point on the auxiliary plane. 


ProBLEM 20.—An auxiliary plane makes an angle of 
45° (measured as in Fig. 13) with the horizontal plane and is 
perpendicular to the front plane; it is situated at the right 
and turned on its horizontal trace. Find the projection on 
the auxiliary plane of a point that is 14 inches from the front 
plane and 1;%5 inches from the horizontal plane. 

Locate the horizontal axis 2 inches from the upper border 
line, and the horizontal trace 2? inches from the right border 


line. 
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ProsieM 21.—An auxiliary plane makes an angle of 60° 
(measured as in Fig. 13) with the horizontal plane and is 
perpendicular to the front plane. Find on it the projection 
of a point 12 inches from the front plane and 1# inches from 
the horizontal plane, the auxiliary plane being at the right 
and turned on its horizontal trace. Use the graphical method 
indicated on the reduced copy of Sheet I, Exercise II. 

Locate the horizontal axis 2 inches from the lower border 
line and the horizontal trace 2? inches from the left border 
line. : 

PROBLEM 22.—An auxiliary plane is perpendicular to the 
horizontal plane, is at the left, and makes an angle of 60° 
with the front plane, measured as shown in Fig. 14. The 
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auxiliary plane having been turned on its front trace, find on 
it the projection of a point ? inch from the front plane and 
+ inches from the horizontal plane. Use the graphical 
method indicated on the reduced copy of Sheet II, Exercise II. 
Locate the horizontal axis 2 inches from the lower border 


line and the front trace 2? inches from the right border line. 


8. Propiem 23. Sheet III—An auxiliary plane is 
oblique to the three principal planes and so inclined that its 
horizontal trace and front trace make an angle of 60° 
(measured as shown in Fig. 15) with the horizontal axis. 
The auxiliary plane being at the right and turned on its 
horizontal trace, find on it the projection of a corner of the 
object shown, the corner being situated 21 inches from the 
front plane and 2} inches from the horizontal plane. 
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SoLtution.—Referring to the reduced copy of Sheet III, 
Exercise II, draw the horizontal axis or base line a b 4 inches 
from the upper border line, and at an angle of 60° with it 
draw in any convenient location the horizontal trace cd and 
front trace ce. The point c may be located 2$ inches from 
the left border line. A consideration of Fig. 15 should make 
clear why the traces incline in the directions shown. In any 
convenient location draw a projection line f g perpendicular 
to the horizontal axis and on it lay off the projections j and g 
of the point 2} inches above and 2} inches below the hori- 
zontal base line. Since the auxiliary plane is turned on its 
horizontal trace, it becomes necessary to find the direction 
of the revolved front trace. To do this, draw in.any con- 
venient location a perpendicular hz to the horizontal axis 
and intersecting the traces at 7 and k and the horizontal axis 
at 1; this perpendicular hz contains the side axis 1h and 
vertical axis ]7 of a side plane., With the origin / as a center 
and a radius /7, describe an arc intersecting the horizontal 
axis at m. Join k and m by a straight line; its length k m is 
the length of a side trace corresponding to the length cj of 
the horizontal trace and length ck of the front trace. Next, 
with c as a center and ck as a radius, describe an arc no; 
with 7 as a center and km as a radius, describe an arc pq 
intersecting the arc wo. Through the intersection of the 
arcs no and pq and the intersection c of the traces draw the 
straight line cr, which gives the position of the revolved front 
trace. Through the projection 7 draw a straight line fs 
perpendicular to the horizontal trace cd and extending 
sufficiently far into the auxiliary plane. Through the pro- 
jection g draw a straight line perpendicular to the front 
trace ce and intersecting it at ¢. With ct as a radius and 
c as a center, describe an arc intersecting the revolved front 
tracecratu. At uerect a perpendicular uv on the revolved 
front trace; its intersection w with the projection line fs is 
the projection of the given point on the auxiliary plane. 


ProBLEM 24.—A point is 3? inches from the front plane 
and 2? inches from the horizontal plane. Find its projection 
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on an auxiliary plane located at the right, turned on its front 
trace, and so inclined that its horizontal trace makes an angle 
of 45° with the horizontal axis, and the front trace makes an 


ae 


; 


zi 


Fre, 16 


angle of 60° with the horizontal axis, both angles measured 
in the direction indicated in Fig. 15. 

Locate the horizontal axis 4 inches from the upper border 
line and the intersection of the traces with the horizontal axis 
3+ inches from the right border line. 


PROJECTION OF LINES 


EXERCISE III 

9. Projection of Lines Parallel and Perpendicular 
to Principal Planes.—There are in this exercise three 
sheets containing, in all, fourteen problems. The six problems 
on the first sheet relate to the projection of a straight line on 
two planes of projection, and those on the second and third 
sheets relate to the projection of a straight line on the three 
principal planes. In all the problems of Exercise III the 
straight line is parallel to two principal planes and perpen- 
dicular to the third. 


ProBLEM 25.—The upper edge of a wedge is a straight line 
2,8, inches long, as shown in Fig. 16, is parallel to the hori- 
zontal and front planes, and is 13 inches from the front plane 
and 14 inches from the horizontal plane. Show its projec- 


tions on these two planes. 
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SOLUTION.—Referring to the reduced copy of Sheet I, 
Exercise III, draw a straight line a b 2 inches from the upper 
border line and of any convenient length; this line represents 
the horizontal axis, or base line. On this base line lay off 
the points c and d 2; inches apart and through these points 
draw projection lines ec? and gdh perpendicular to the 
horizontal base line. On the horizontal plane lay off on the 
projection lines the distances ce and d g=12 inches, and on 
the front plane the distances cf and dh=14 inches. Join 
e and g, andj} and h, by the straight lines e g and ph, which 
are the required projections of the given edge. 

It will be obvious that projecting a straight line resolves 
itself into projecting two points—its two ends. 

Instead of solving the problem as just explained, it may 
be solved in other but equivalent ways. Thus, indefinite 
lines may be drawn parallel to the horizontal base line and 
at distances of 13 and 14 inches from it. Then, on one of 
these lines the distance e g or f h may be laid off=2,% inches, 
and through the points thus laid off projection lines may be 
drawn to the other indefinite lne to locate the projection. 
Or, after drawing the projection lines ef and gh 2,% inches 
apart, on one of them, say ef, lay off ce=1% inches and 
¢ f=14 inches, and then draw through e and 7 lines parallel 
to the base line and intersecting the projection line gh at 
gandh. The question of which method to adopt is entirely 
one of convenience and personal choice. 


PROBLEM 26.— Show on the horizontal and front planes the 
projection of a straight line 2} inches long, and 1, inches 
from the front plane and 12 inches from the horizontal plane, 
the line being parallel to both planes. 

Locate the horizontal axis 2 inches from the upper border 


line. 


ProBLeM 27.—A straight line 2; inches long is parallel 
to the horizontal and front planes. It is 1} inches from the 
front plane and 1,% inches from the horizontal plane. Show 
its projections on the two planes mentioned. 

Draw the horizontal axis 2 inches from the top border line. 
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PROBLEM 28.—A straight edge of a solid is 1% inches long, 
is parallel to the horizontal plane, and perpendicular to the 
front plane, as shown in Fig. 17. The end nearest the front 
plane is 1 inch from it and the line is 1 inch below the hori- 
zontal plane. Show the projections of the edge on the hori- 
zontal and front planes. 


SoLuTion.—Referring to the reduced copy of Sheet I, 
Exercise II], draw the horizontal axis ab 1; inches from 
the lower border line and draw a projection line cd. Lay 
off the distances ed and ef=1 inch andj c=1%inches. The 
line cf is the horizontal projection of the edge, and the 
point d is its projection on the front plane. 
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{t is an axiom of orthographic projection that when a line 
is perpendicular to a plane of projection, its projection on 
that plane is a point. 


PRoBLEM 29.—A straight line 14 inches long is perpen- 
dicular to the front plane and parallel to the horizontal plane, 
asin Fig. 17. The line is 1# inches from the horizontal plane 
and the end nearest the front plane is } inch from it. Show 
its projection on the two planes mentioned. 

Locate the horizontal axis 24 inches from the lower border 
hitte: 


PRoBLEM 30.—A straight line 1} inches long is parallel to 
the front plane and perpendicular to the horizontal plane. 
The end nearest the horizontal plane is 3°¢ inch from it, and 
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the line is 14 inches from the front plane. Show its projec- 
tion on the horizontal and the front plane. 

Locate the horizontal axis 24 inches from the lower border 
line. 


10. Prosiem 31. Sheet I]—One straight edge 14 inches 
long, of the object shown in Fig. 18, is perpendicular to the 
front plane and the end nearest the plane is 4 inch from it. 
The edge is 14 inches below the horizontal plane and 2} inches 
from the side plane. Show the projections of the edge on the 
three principal planes, the side plane being at the right of the 
horizontal plane. 


SoLuTION.—Bearing in mind that when a straight line is 
perpendicular to one plane of projection, it is parallel to the 
other two principal planes, and referring to the reduced copy 
of Sheet II, Exercise III, draw the horizontal axis a b 23 inches 
from the upper border line; perpendicular to ab and in any 
convenient location, say 3 inches from the left border line, 
draw the line c d, of which bc is the side axis and bd the ver- 
tical axis. Also produce the horizontal axis ab beyond the 
point of origin, be then being the revolved position of the 
vertical axis. To the left of cd and at a distance of 24 inches 
from it draw a projection line perpendicular to the horizontal 
axis, and hence parallel to the side and vertical axes. On 
this projection line locate the points 7, g, and h, the point f 
being 4 inch from ab, the point g being 14 inches from f, 
and the point / being 1} inches from ab. The straight line 
joining 7 and g is the horizontal projection and the point h 
the front projection of the given edge. Through 7 and g 
draw projection lines into the side plane; these lines, since 
they are perpendicular to the side axis, are parallel to the 
horizontal axis ab. On one of these projection lines lay off 
a point 1{ inches to the right of the side axis b c and draw the 
line 27 parallel to the side axis; 77 is the projection on the side 
plane. Or, draw a projection line h k to the vertical axis bd 
and with the point of origin b as a center and a radius bk 
draw an arc intersecting the revolved vertical axis be at l. 
Through / draw a line perpendicular to the revolved vertical 
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axis and intersecting at 7 and j the projection lines drawn 
through g and /; the points of intersection 7 and 7 are the ends 
of the line showing the projection of the given edge on the 
side plane. 


PROBLEM 32.—A straight line } inch long is parallel to the 
horizontal and side planes and perpendicular to the front 
plane. The end nearest the front plane is 2? inch from it, 
and the line is 244 inches from the side plane, and 13 inches 
from the horizontal plane. Show the projections of the line 
on the three principal planes, the side plane being at the 
right of the front plane. 

Locate the horizontal axis 144 inches from the upper border 
line and the vertical axis 274 inches from the right border line. 


PROBLEM 33.—A straight line 174 inches in length is per- 
pendicular to the front plane. The end nearest the front plane 
is 4 inch from it; the line is 23 inches from the side plane and 
14 inches from the horizontal plane. Show the projections 
of the line on the three principal planes, the side plane being 
at the left of the horizontal plane. 

Locate the horizontal axis 2 inches from the lower border 
line and the vertical axis 24 inches from the left border line. 


ProBLeM 34.—A straight line 174 inches long is perpen- 
dicular to the front plane and the end nearest that plane is 
4 inch from it. The line is 14 inches from the horizontal 
plane and 2% inches from the side plane. Show its projec- 
tions on the three principal planes, the side plane being at 
the left of the front plane. 

Locate the horizontal axis 2 inches from the lower border 
line and the vertical axis 34 inches from the right border line. 


11. Propiem 35. Sheet II].—An edge of a cube, 2 inches 
long, is parallel to the front plane and horizontal plane, as 
shown in Fig. 19, and 12 inches from these two planes. The 
end nearest the side plane is } inch from it. Show the pro- 
jections of the edge on the three principal planes, the side 
plane being at the right of the horizontal plane. 
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SOLuTION.—Referring to the reduced copy of Sheet III, 
Exercise III, draw the horizontal axis ab and revolved ver- 
tical axis bc, 2 inches from the upper border line, and per- 
pendicular thereto the vertical axis bd and side axis be 
about 3% inches from the left border line. At distances of 
% inch and 2+4=2 inches, and to the left of the side and 
vertical axes, draw projection lines fg and ht. On one of 
these projection lines, as 7 g for instance, lay off the distances 
jf and 7 g=1 inches, and draw the projections jh and gi 
parallel to the horizontal axis ab. Through # draw a pro- 
jection line i k extending sufficiently far into the side plane; 
through z draw a projection line intersecting the vertical 
axis bd atl. With bl as a radius and the origin b as a cen- 
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ter, describe an arc intersecting the revolved vertical axis bc 
at m. Through m draw a perpendicular intersecting at k 
the projection line drawn through h. The point of inter- 
section k is the projection of the given edge on the side plane. 

Instead of proceeding to find the projection in the side 
plane as just described, it is often more convenient to find the 
projection by laying off, by direct measurement, on the pro- 
jection line drawn into the side plane and from the side axis 
the distance the given line is from the horizontal plane; 
that is, in this case make » k=13 inches. 


ProBLEeM 36.—A straight line 2; inches long is parallel 
to the horizontal and front planes; it is 14 inches from the 
horizontal plane and 1% inches from the front plane. The 
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end nearest the side plane is # inch from it. Show the pro- 
jections of the line on the three principal planes, the side 
plane being at the right of the front plane. 

Locate the horizontal axis 2 inches from the upper border 
line and the side axis 2;4 inches from the right border line. 


PrRoBLEM 37.—One straight edge of the solid shown in 
Fig. 20 is 14 inches long, is perpendicular to the horizontal 
plane, and the end nearest that plane is 3 inch from it. The 
side plane being at the right of the horizontal plane, show 
the three projections of the edge. The line is 1} inches from 
the side plane and 1 inch from the front plane. 

Locate the horizontal axis 2;% inches from the lower border 
line, and the vertical axis 2? inches from the left border line. 


PROBLEM 38.—A straight line has a length of 1§ inches and 
is parallel to the front and side planes; it is 1 inch from the 
front plane and 2? inches from the side plane. The end 
nearest the horizontal plane is } inch fromit. The side plane 
being at the right of the front plane, show the three projec- 
tions of the line. 

Locate the horizontal axis 2,4 inches from the lower border 
line and the vertical axis 144 inches from the right border line. 


EXERCISE IV 


12. Projection of Lines Oblique to Principal 
Planes.—Exercise IV consists of four sheets containing 
eighteen problems. The four problems of Sheet I relate to 
the projection of a straight line that is parallel to one and 
inclined to two of the principal planes. On Sheet II are pre- 
sented four problems of projecting a straight line inclined to 
all three principal planes. The four problems on Sheet III 
relate to the projection of a straight line inclined to all three 
planes on an auxiliary plane perpendicular to one principal 
plane and inclined to two. On Sheet IV are given six prob- 
lems relating to finding the true length of a line inclined to 
the three principal planes, 
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PRoBLEM 39.—As shown in Fig. 21, a straight edge 23 inches 
long is parallel to the horizontal plane and makes an angle 
of 45° with the front plane. The end nearest the front plane 
is #, inch from that plane and 48 inch from the side plane. 
The edge is | inch from the horizontal plane. Show the pro- 
jections of the edge on the three principal planes, the side 
plane being at the right of the horizontal plane. 


SoLuTion.—Referring to the reduced copy of Sheet I, 
Exercise IV, draw the horizontal axis ab and the revolved 
vertical axis b c 22 inches from the upper border line, the two 
being a single straight line; in any convenient location, say 

2 inches from the border line, draw a straight line de per- 
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pendicular to the horizontal axis. The part bd represents 
the vertical axis and the part be the side axis. Locate the © 
one end j of the projection of the given line in the horizontal 
plane 3 inch to the left of the side axis and 2 inch from 
the horizontal axis and draw a straight line 7 g at an angle of 
45° with the horizontal axis ab, making / g=24 inches. 
Through the points f and g draw projection lines f # and fi 
and gk and gj7 into the front and side planes. From the 
horizontal axis downwards, and to the right of the side axis, 
lay off on one of the projection lines a distance of 1 inch, 
and through the points thus laid off, as 7 and k for instance, 
or 7 and h, draw the front projection 72 and side projection 
kh parallel to ab and be, respectively. 
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Or, after the projection has been drawn in the horizontal 
plane, draw the projection in one of the other two planes 
and locate the projection in the third plane by the graph- 
ical method indicated in the reduced copy of Sheet I, 
Exercise IV. 

Since the given line is parallel to one of the principal planes 
of projection, its projection in the plane to which it is parallel 
will show the given line in its true length; thus, in Prob- 
lem 39, 7 g is the true length. 


PRoBLEM 40.—A straight edge of the solid shown in Fig. 22 
is 3 inches long, is parallel to the front plane, and is 
inclined 30° to the horizontal plane in the direction shown. 
The upper end of the edge is ; inch from the horizontal 
plane and 13% inches from the side plane; the edge is ? inch 
from the front plane. Show the projections of the edge on 
the principal planes, the side plane being at the right of the 
front plane. 

Locate the horizontal axis 14 inches from the upper border 
line’ and the side axis 11 inches from the right border line. 


ProBiEM 41.—A straight edge of the wedge shown in 
Fig. 23 is 2 inches long, is parallel to the side plane, and is 
inclined 30° to the horizontal plane in the direction shown. 
It is located 223 inches from the side plane, and its upper end 
is 2 inch from both the horizontal and the front plane. 
Show its projections on the three principal planes, the side 
plane being at the right of the horizontal plane. 

Locate the horizontal axis 13 inches from the lower border 
line and the side axis 3; inches from the left border line. 


ProsiLeM 42.—A straight line 2 inches long is inclined to 
the horizontal plane, as the edge in Fig. 22, except that the 
angle is 60° instead of 30°; the line is parallel to the front 
plane and 1; inches from it. The upper end of the line is 
14 inches from the side plane and # inch from the horizontal 
plane. Show its projections on the three principal planes, 
the side plane being at the right of the front plane. 

Locate the horizontal axis 24 inches from the lower border 
line and the vertical axis 274 inches from the right border line. 
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13. Prozsiem 43. Sheet II.—A straight edge of an object 
is inclined to the three principal planes, as indicated in Fig. 24, 
so that its projections in the horizontal and front planes 
make an angle of 30° with the horizontal axis. The projec- 
tion in the horizontal plane is 24 inches long. The upper 
end of the edge is 7% inch from the horizontal plane, 1,% inches 
from the front plane, and 2% inches from the side plane. 
Show the projections of the edge on the three principal planes, 
the side plane being at the right of the horizontal plane. 


SOLUTION.—Referring to the reduced copy of Sheet II, 
Exercise IV, draw the horizontal base line, or axis a b, 2 inches 
from the upper border line; perpendicular to ab and at any 
convenient place, say 37% inches from the left border line, 


igliges, as Fic. 24 


draw the line cbd, of which bc is the side axis and bd the 
vertical axis. In the horizontal plane locate the upper end 
of the edge by locating its projection e 2% inches from the side 
axis bc and 1,% inches from the horizontal axis ab. From 
the point e at an angle of 30° with the horizontal axis draw 
a straight line ef 24 inches long, which is the horizontal pro- 
jection. From the points e and f draw projection lines into 
the front plane and side plane. On the projection line drawn 
from e into the front plane locate the upper end of the edge 
by locating its projection g 7 inch from the horizontal axis. 
From g draw a straight line at an angle of 30° with the hori- 
zontal axis and intersecting at the projection line drawn 
from f; gh will be the front projection. . 
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To find the projection on the side plane, on the projection 
lines drawn through e and f into the side plane, lay off k/ 
=ig, and mn=jh, and join / and n by a straight line, which 
is the projection of the given edge on the side plane. Or, 
find the points / and m by the graphical method indicated. 


ProspLem 44,—A straight line is inclined so that its hori- 
zontal projection, as shown in Fig. 25, makes an angle of 30° 
with the horizontal axis, and its front projection an angle of 
45° with that axis. The projection in the front plane is 
2 inches long; the ae end of the line is 33 inch from the 
horizontal plane, 33 inch from the front plane, and 24}% inches 
from the side plane. Show the projections on the three 


* 
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principal planes, the side plane being at the right of the front 
plane. 

Locate the horizontal axis 2 inches from the upper border 
line and the side axis 24 inches from the right border line. 


Prospiem 45.—A straight line whose projection in the front 
plane is 1? inches long is inclined to the three principal planes 
in such a way that its projections in the horizontal and front 
planes make an angle of 45° with the horizontal axis, measured 
as shown in Fig. 26. The upper end of the line is 14 inches 
from the side plane, $ inch from the front plane, and inch 
from the horizontal plane. Show the projections of the line 
on the three principal planes, the side plane being at the left 
of the horizontal plane. 
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Locate the horizontal axis 2 inches from the lower border 
line and the side axis 274 inches from the left border line. 


Prop_em 46.—A solid has a straight edge whose projection 
in the horizontal plane is 1? inches long, and is inclined to 
the three principal planes so that its projections in the hori- 
zontal and front planes make an angle of 45° with the hori- 
zontal axis, measured as shown in Fig. 27. The upper end 
of the edge is 24 inches from the side plane, 13 inches from 
the front plane, and ~; inch from the horizontal plane. Show 
the projections of the edge on the three principal planes, 
the side plane being at the left of the front plane. 


Fic. 28 


Locate the horizontal axis 2 inches from the lower border 
"ine and the side axis 32 inches from the right border line. 


- 14. Projection of Lines on Auxiliary Planes. 
ProsieM 47. Sheet II].—A straight edge is inclined to the 
three principal planes so that 1ts projection in the horizontal 
plane makes an angle of 60° with the horizontal axis, meas- 
ured as shown in Fig. 28, and its projection in the front plane 
makes an angle of 30° with the horizontal axis. Show the 
projections of the edge on the horizontal and front planes, 
and on an auxiliary plane perpendicular to the horizontal 
plane but making an angle of 135° with the front plane. 
The auxiliary plane is turned on its horizontal trace. The 


horizontal projection of the edge is 14 inches long; the upper 
154—40 
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end of the edge is 3% inch from the horizontal plane, and 
14% inches from the front plane. 

The auxiliary plane may, in this case, be taken at any con- 
venient distance from the edge. 


SOLUTION.—Referring to the reduced copy of Sheet III, 
Exercise IV, draw the horizontal axis ab 2; inches from 
the upper border line; and, in any convenient location, say, 
144 inches from the left border line, draw a projection line ¢ d, 
on which lay off the points ¢ and d, respectively, at distances 
of 14% inches and }8 inch from a), thus locating the projec- 
tion of the upper end of the edge in the horizontal and front 
planes. Through the point c draw a line ce at an angle of 
60° to ab, making ce=14 inches. Through e draw a pro- 
jection line e7 sufficiently far into the front plane. Through 

‘the point d in the front plane draw a line at an angle of 30° 
with the horizontal axis and intersecting at / the projection 
line drawn from e; the straight line df is the front projection. 

Next, in any convenient position in relation to the projec- 
tions ¢ e and df, draw the horizontal trace } g of the auxiliary 
plane at an angle of 135° to the horizonal axis a b; reference 
to Fig. 28 will show why the trace inclines to the right. The 
intersection of the horizontal trace with the horizontal axis 
may be located 23 inches from the left border line. Also 
draw the front trace bh, which, since the auxiliary plane is 
perpendicular to the horizontal plane, is perpendicular to the 
horizontal axis. Draw the revolved front trace bh’ per- 
pendicular to the horizontal trace. From the points c and e 
draw projection lines (perpendicular to 6 g) into the auxiliary 
plane; through d and jf draw projection lines to the front 
trace bh and transfer the two intersections to the revolved 
front trace by striking arcs having b asa center. At the two 
points of intersection on the revolved front trace erect per- 
pendiculars intersecting the projection lines drawn from c 
and ¢ in 7 and 7; join z and 7 by a straight line, which is the 
projection of the given edge on the auxiliary plane. 


ProsieM 48.—As shown in Fig. 29, an auxiliary plane 
makes an angle of 45° with the front plane and is perpen- 
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dicular to the horizontal plane. A straight line is inclined 
to the different planes in such a manner that its horizontal 
projection and its front projection both make an angle of 30° 
with the horizontal axis, the direction being given in Fig. 29. 
The horizontal projection is 1? inches long and the upper end 
of the line is 1 inch from the front plane and 3% inch from 
the horizontal plane. Show the projections on the horizontal, 
front, and auxiliary planes, the last having been turned on its 
horizontal trace. The auxiliary plane may be located in any 
convenient position in relation to the projections. 

Locate the horizontal axis 2,3; inches from the upper border 
line and the front trace 2 inches from the right border line. 
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ProBLEeM 49.—As shown in Fig. 30, an auxiliary plane is 
at the left and makes an angle of 60° with the front plane; 
it is perpendicular to the horizontal plane. A straight line 
is inclined to the several planes in such a manner that its 
projection in the horizontal plane makes an angle of 45°, 
and in the front plane of 30°, with the horizontal axis, in the 
directions shown in Fig. 30. The projection in the horizontal 
plane is 1} inches long, and the upper end of the line is }3 inch 
from the horizontal plane and 135 inches from the front 
plane. Show the projections of the line on the horizontal, 
front, and auxiliary planes, the last having been turned on its 
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horizontal trace. The auxiliary plane may be located in any 
convenient position in relation to the line. 

Locate the horizontal axis 
275 ches from the lower bor- 
der line and the front trace 2 
inches from the left border line. 


PROBLEM 50.—An auxiliary 
plane is at the right, as shown 
in Fig. 31; it is perpendicular 
to the front plane and makes | ih, 
an angle of 120° with the hori- Fic. 31 
zontal plane. A straight line is inclined to the several planes 
so that its horizontal projection makes an angle of 45°, and its 
front projection an angle of 30° with the horizontal axis, the 
inclination being as shown in Fig. 31. The horizontal pro- 
jection of the line is 13% inches long. The auxiliary plane 
being located in any convenient position and turned on its 
front trace, shows the projections of the line on the horizon- 
tal, front, and auxiliary planes. 

Locate the horizontal axis 274 inches from the lower border 
line and the horizontal trace 243 inches from the right border 
line. 


Pires 32 


15. Finding the True Length of Lines Inclined to 
Principal Planes.—The six problems presented on Sheet IV 
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relate to finding the true length of a line that is oblique to the 
three principal planes and whose projections, therefore, show 
foreshortened. The solution is an easy one if the principle 
is thoroughly understood; in order to solve the problem two 
projections of the line must be given. Referring to Fig. 32 (a), 
there are shown two of the principal planes; in this case the 
horizontal and front planes. The line ab is shown on these 
planes by its projections a’ b’ and a’’b’’. Consider the plane 
figure aa’’ b’’b asan auxiliary plane of which the boundaries 
are the line a0, the projectors aa’’ and 06”, and the pro- 
jection a’’b’’, The projection .a’’ b’’ may also be considered 
as a trace of the plane aa’ b’’b. In this auxiliary plane the 
line ab lies in its true length; hence, if the plane is turned on 
its trace until it coincides with the front plane, the line ab 
will show in its true length in that plane. In Fig. 32 (6) the 
plane aa’ b’’b is shown turned on its trace a’’ b’’ into the 
front plane; it will be apparent that a’’a,=a’’a, and b’’ b, 
=b’’b. Furthermore, since projectors are always perpen- 
dicular to the reference planes, the lines a’’ a, and b’’ b, are 
perpendicular to the projection a’’b’’. Since the projectors 
aa and o>)” are at tight angles to the iront plane, they are 
parallel to the horizontal plane, and consequently their true 
length is given by their projections a,a’ and 6,6’. Then, if 
on the drawing two perpendiculars are erected at the ends 
of the front projection a’”’ b’”’ of the line, and if a’’ a, is made 
equal to a, a’, and if b’’ b, is made equal to b, b’, the distance 
between a, and J, is the true length of the line ab. 

If it is more convenient, for any reason, to work on the 
horizontal plane, perpendiculars are erected at the ends a’ 
and b’ of the horizontal projection and made equal in length 
to the projections a’’ a, and b’’ b, of the projectors aa’ and 
DD, 

It does not matter in which direction the auxiliary plane 
whose one boundary edge is the inclined line in space is 
turned on its trace to bring it into the principal plane it 
intersects; thus, although in Fig. 32 (>) the auxiliary plane 
intersecting the front plane has been turned downwards on 
its trace a’ b’’, it may be turned upwards just as well. 
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The graphical solution of the problem of finding the true 
length of a line does not, in practice, necessarily have to be 
performed directly on the projection of the line; a straight 
line may be drawn anywhere in any convenient location, 
but must have the same length as one of the projections. 
At the ends of this line perpendiculars are erected and their 
lengths taken from the drawing containing the two pro- 
jections. 

The solution just explained gives not only the true length 
of the line but also shows what angle the line makes with that 
principal plane on which the solution was performed. Thus, 
in Fig. 32 (b), the angle between the line a, 5, and the projec- 
tion a’’ b’’ is the angle the line ab makes with the front plane. 


Fic. 33 Fic. 34 


16. PRopiemM 51. Sheet 1—A straight edge of an object 
is inclined in such a direction that its horizontal and front 
projections, as shown in Fig. 33, make an angle of 30° with 
the horizontal axis. The horizontal projection is 144 inches 
long, and the upper end of the edge is 44 inch from the front 
plane and inch from the horizontal plane. Find the true 
length of the edge, showing it on the front plane. 


SOLUTION.—Referring to the reduced copy of Sheet IV, 
Exercise IV, draw the horizontal axis ab 14 inches from the 
upper border line, and in any convenient place, say 3? inch 
from the left border line, draw a projection line cd; locate 
the point ¢ 44 inch, and the point d 34 inch,.from the horizontal 


axis. From the points c and d draw lines at an angle of 30° 
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to the horizontal axis in the direction called for by Fig. 33; 
make ce=14} inches. Through the point e draw a projection 
line intersecting at 7 the straight line drawn from d. The 
line ce is the horizontal projection and the line df the front 
projection of the given edge. At the points d and j erect lines 
perpendicular to df and make d g=ic, and jh=je; join g 
and h by a straight line. The length gh of this line is the 
true length of the given edge. 


PROBLEM 52.—A straight edge whose projections in the hori- 
zontal and front planes are 2,; inches long is inclined in 
such a direction that its horizontal and front projections make 
an angle of 30° with the horizontal axis, as shown in Fig. 34. 
The upper end of the edge is 17% inches from the front plane 
and 3% inch from the horizontal 
plane. Find the true length 
of the edge, showing it on the 
horizontal plane. 

Locate the horizontal axis 2+ 
inches from the upper border | 
line and the projections of the |i 
upper end of the line 3% inches _ ji! 
from the left border line. 


Fic. 35 

PROBLEM 53.—A straight edge of a solid is inclined in such 
a direction toward the front and side planes, the last being 
at the right, that its projections make an angle of 30° with 
the vertical axis, as shown in Fig. 35. The projections of the 
edge are 2 inches long; the upper end of the edge is 13% 
inches from the front plane and 14 inches from the side plane. 
Find the true length of the edge, showing it on the front plane. 

Locate the vertical axis 2 inches from the right border line 
and the projections of the upper end of the line 1, inches 
from the upper border line. 


17. The solution of the problem of finding the true 
length of a line inclined to the three principal places that was 
given in Art. 15 is not the only one; by a slightly different 
application of the principle there explained, a somewhat 
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simpler solution is possible. In Fig. 36, let a b be the given 
line and a’ b’ and a, 0, its projections on two of the principal 
planes. Through the end of the given line that is nearest 
to the plane on which it is desired to find the true length 
(the front plane in this case) pass an auxiliary plane cdf e 
parallel to that plane; obviously, the trace c d will be parallel 
to the axis of the two principal planes, or the horizontal axis 
in this case. Let ab” be the projection of ab on the plane 
cdfe; then turn the triangular auxiliary plane a 6” 6 on its 
trace ab” into the plane cdfe, 
when ab, will be the true 
length of the line. Since the 
projector b’’b is at right 
angles to the plane c df e, the 
projection line g b, is perpen- 
dicular to the trace cd, and 
the straight line b’’ b, is per- 
pendicular to the projection 
ab’’. Now, let the triangle 
ab, b’’ be projected into the 
principal plane to which cdfe 
is parallel; then 6,b’ is at 

Fic. 36 right angles to the projection 
a’ b’, and since b, b’=b, b’, and b, b’ =b" b, and b” b=g b,, it 
follows that b, b’=g b,. 

From the explanation, it follows that the solution resolves 
itself into constructing a right-angled triangle, of which one 
of the sides adjacent to the right angle has a length equal to the 
projection in the one principal plane. The second side 
adjacent the right angle has a length equal to the perpendicular 
distance from the trace of an auxiliary plane, parallel to the 
plane on which the problem is solved and passing through 
one end of the given line, to the other end of the projection 
in the second principal plane. The hypotenuse is the true 
length of the line. 

As with the previous solution, there is no particular neces- 
sity of working directly on one of the projections; the triangle 
may be constructed anywhere. 
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It is of the utmost importance to thoroughly under- 
stand the principles underlying the problem of finding the 
true length of lines, as innumerable problems arise in practice, 
especially in sheet-metal, boiler, and similar work, that 
cannot be solved without full knowledge of the principles 
involved. 


18. Prosiem 54.—A straight edge of an object is inclined 
in such a way that its horizontal and front projections make 
an angle of 45° with the horizontal axis, as shown in Fig. 37. 
The front projection is 1% inches long; the upper end of the 
edge is 7s inch from the front plane and 4 inch from the 
horizontal plane. Find on the front plane its true length, 
using the method described in Art. 17. 


Riera? Fic. 38 


SoLuTion.—Referring to the reduced copy of Sheet IV, 
Exercise IV, draw the horizontal axis ab and the projec- 
tions cd and ef in the manner previously described, locating 
a b 22 inches from the lower border line and ¢ 1 inch from the 
left border line. Through the point c draw.a straight line gh, 
representing the trace of an auxiliary plane parallel to the 
front plane, and hence parallel to the horizontal axis ab. 
At f erect a perpendicular and make f1=jd. Joineandzby 
a straight line, which gives the true length. 

The angle k is the angle the line in space makes with the 


front plane. 


PropLeM 55.—A straight edge of a solid is inclined to the 
three principal planes so that its projections in the horizontal] 
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and front planes, as shown in Fig. 38, make an angle of 30° 
with the horizontal axis. The projection in the horizontal 
plane is 23 inches long, and the upper end of the edge is 
#4 inch from the horizontal plane and 44 inch from the front 
plane. Using the method described in Art. 17, find on the 
horizontal plane the true length of the edge. 

Locate the horizontal axis 13 inches from the lower border 
line and the projections of the upper end of the line 
té inches from the left border line. 


PRoBLEM 56.—A straight line is inclined in such a direction 
that its projection on the side plane, which is at the left of 
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the front plane, as shown in Fig. 39, makes an angle of 30° 
with the vertical axis, and its projection on the front plane 
makes an angle of 45° with that axis. The projection in the 
front plane is 243 inches long; the upper end of the line is 
275 inches from the side plane and 135 inches from the front 
plane. Find on the front plane the true length of the line, 
using the method described in Art. 17. 

Locate the vertical axis 2% inches from the right border 
line and the projections of the upper end of the line 31 inches 
from the lower border line. 
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EXERCISE V 


19. Finding Projections of Lines When Angles 
With Principal Planes Are Given.— Exercise V consists 
of two sheets, each of which has four problems relating to 
finding the projections of a line, inclined to the three principal 
planes, when the length of the line and the angles it makes 
with two of the principal planes are given. The process is 
the opposite of finding the true length of a line inclined to the 
three principal planes, as consideration of Fig. 40 will show. 
Let ab be the line, and let two principal planes pass through 
one end of the line, as shown. Let ab’ and ab” be the 
projections of the line ab and let ab’’b, be the auxiliary 
plane ab b’ turned on its horizontal trace a b’’; let ab’ b, be 
the auxiliary plane ab’b turned on its front trace ab’. 
Then, as previously stated, the angle d is the angle the line 
makes with the plane on which the angle d was drawn, and 
the angle e is the angle the line makes with the other prin- 
cipal plane. Now, the length of the side b, b” of the triangle 
ab!’ b,=b’ b=cb’, and the length of the side 5,0’ of the 
triangle ab’b,=b’b=cb”". Since projectors are perpen- 
dicular to planes, and projection lines to axes, it follows that 
the four triangles ab, b’, ab’c, acb”’, and ab” b, are right- 
angled triangles. Consider the triangle ab’ b,; in this 
triangle, the length of a b,, the angle d, and the angle d’ are 
known, the latter being 90°, or a right angle. Similarly,. in 
the triangle ab, b’, the length of ab,, the angle e, and the 
angle e’ are known, the latter being 90°. Since three elements 
of each triangle are known, these triangles can be constructed, 
and when this is done the sides a b’ and ab” give the length 
of the projections of ab on the two planes. The inclination 
of each projection in reference to the axis is given if the two 
triangles acb’ and acb’ are constructed. To construct 
these, the following three elements are known for each: the 
length of two sides and the one angle. Thus, in the triangle 
acb" the length of the hypotenuse ab” is known; it is also 
known that the length of the side c b’’=b, b’, and that the 
angle the side cb’ makes with ac is 90°. Similarly, in the 
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triangle acb’, the length of the hypotenuse ab’ is known: 
the length of the side c b’ is known to be equal to b’’ b,, and 
the angle between the lines ac and c 0’ is known to be 90°. 
From the explanation just given, it will be obvious that 
by first constructing two right-angled triangles having for 
their hypotenuse the given length of the line and for one 
angle the given inclination to the principal planes, the neces- 
sary elements are obtained that will permit construction of 
two other right-angled triangles, either directly on the axes 
of two principal planes, or on projections of an axis of auxiliary 
planes parallel to the two principal planes. In these last two 


Fic. 41 Fic. 42 


triangles the hypotenuse of each is a projection of the given 
line. 

To prevent overlapping of the solutions of Problems 57 
to 64, inclusive, it is suggested that Sheets I and II of Exer- 
cise V be divided into four equal rectangular spaces by two 
pencil lines drawn midway between, and parallel to, the border 
lines. Each solution should then be kept in its own space. 


20. Prospiem 57. Sheet I—As shown in Fig. 41, one 
end of a straight edge terminates on the horizontal axis. The 
edge makes an angle of 45° with the front plane, of 30° with 
the horizontal plane, and is 2} inches long. Show its projec- 
tions on the front and horizontal planes. 


SoLution.—Referring to the reduced copy of Sheet I, 
Exercise V, in any convenient position draw the straight 


SO PRACTICAL PROJECTION § 19 


lines a b and a’ b’, each 24 inches long. Draw a line through 
the point a at an angle of 30° with the line a}, and through 
the point a’ at an angle of 45° with a’ b’. From the points b 
and b’ draw perpendiculars bc and b’c’ to the lines drawn 
through a and a’, thus obtaining the triangles abc and 
a’ b’c’. In the triangle abc, the side ac gives the length of 
the projection on the horizontal plane, and the length of the 
side bc gives the distance that the one end of the given edge 
is below the horizontal plane. Likewise, in the triangle 
a’ b’ c’, the side a’ c’ gives the length of the projection on the 
front rie and the length of the side b’ c’ gives the distance 
the one end of the edge is from the front plane. 

Having drawn a line de to represent the horizontal axis, 
“raw a projection line jg and on it lay off hi=b’c’ and 
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hj=bc. With the point 2 as a center and ac as a radius, 
or with 7 as a center and a’c’ as a radius, describe an arc 
intersecting the horizontal axis at k. Join the intersection k 
with 2 and 7 by straight lines; the line kz is the horizontal 
projection and the line kj the front projection of the given 
edge. 

When solving problems similar to the one just given, it is 
well to bear in mind that after the two triangles have been 
constructed the length of the side adjacent the right angle and 
adjoining the given angle with a plane, as ac and a’ c’, is the 
length of the projection of the line on the same plane. 


PROBLEM 58.—A straight line 24 inches long terminates on 
the horizontal axis, being inclined as shown in Fig. 41. It 
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makes an angle of 30° with the horizontal plane and of 45° 
with the front plane. Show its projections on the two planes 
named. 


PROBLEM 59.—A straight line 2 inches long has one end 
on the horizontal axis, and, as shown in Fig. 42, it makes an 
angle of 45° with the horizontal plane and of 30° with the 
front plane. Show its projections on the two planes named. 


ProBLeM 60.—As shown in Fig. 43, one end of a straight 
line 2;°6 inches in length rests on the horizontal axis. The 
line makes an angle of 45° with the horizontal plane and of 30° 
with the front plane, in the direction shown in Fig. 43. 
Show its projections on the two planes named. 


21. Prosiem 61. Sheet II—As shown in Fig. 44, a 
straight line 24 inches long makes an angle of 45° with the 
horizontal plane and of 30° with the front plane, in the 
directions indicated. The upper end of the line is 4 inch 
from the front plane and % inch from the horizontal plane. 
Show the projections of the line on the front and horizontal 


planes. 


SOLUTION.—Referring. to the reduced copy of Sheet II, 
Exercise V, draw the two right-angled triangles abc and 
a’ b’ c’, having the hypotenuses ac and a’ c’= 24 inches, and 
the angles d and e=30° and 45°, respectively. 

Draw a straight line fg to represent the horizontal axis, 
and parallel thereto and at distances of § inch and # inch, 
respectively, draw the lines hz and 7k, which are two pro- 
jections of the horizontal axis of two auxiliary planes parallel 
to the two principal planes. These two planes are so taken 
that the upper end of the given line rests on their horizontal 
axis, and, consequently, one end of each projection of the 
given line will rest on each projection of the axis of the two 
auxiliary planes. Next, in any convenient place, draw a 
projection line /m and on it lay off the distance no=0'c’, 
and pq=bc. With o as a center and ad as a radius, and 
with g as a center and a’ b’ as a radius, describe arcs inter- 


secting hi in r and jk in s; join o and r and q and s by 
154—41 
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straight lines, which are the required projections. Asa test 
ot the accuracy of the work, draw a projection line through 
r or s; if the work has been accurately done, this projection 
line will pass through the points s or r. 


PRoBLEM 62.—A straight line 2 inches long makes an 
angle of 45° with the horizontal plane and of 30° with the 
front plane, in the directions shown in Fig. 44. The upper 
_ end of the line is # inch from the front plane and % inch from 
the horizontal plane; show the projections of the line on 
these two planes. 


PROBLEM 63.—A straight line 2 inches long makes an 
angle of 45° with the front plane and of 30° with the side 
plane, in the directions shown in Fig. 45. The upper end of 


att 


Fic. 45 Fic. 46 


the line is 144 inches from the front plane and } inch from 
the side plane. Show its projections on the two planes 
named, the side plane being at the right of the front plane. 


SoLuTIOoN.—Referring to the reduced copy of Sheet II, 
Exercise V, draw the right-angled triangles abc and a’ b’c’ 
in any convenient position, making their hypotenuses 2 inches 
long, and the angles d and e 45° and 30°, respectively. Draw 
the vertical axis / g, and parallel thereto and at distances of 
4 inch and 14 inches from it, the lines hz andjk. Drawa 
projection line ! m; its intersections m and o with the lines hz 
and j k fix the position of the projection of the upper end of 
the line on the two planes. On the line /_m lay off op=Dc, 
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and through the point p draw a straight line perpendicular 
to the projection line /m, and hence parallel to the vertical 
axis. Then, with o as a center and a’ c’ as a radius, describe 
an arc intersecting at q the line just drawn. Join q and o 
by a straight line, which will be the projection of the given 
line on the side plane. Through g draw a projection line 7 s; 
with m as a center and ac as a radius, describe an arc inter- 
secting at t the line just drawn. Join ¢ and m by a straight 
line, which will be the required projection on the front plane. 
As a test of the accuracy of the work see whether t u=0’ c’; 
these two distances must be equal. 


ProBLem 64.—A straight line 24 inches long is inclined 45° 
to the side plane and 30° to the front plane, in the directions 
shown in Fig. 46. The upper end of the line is 14 inches from 
the front plane and } inch from the side plane. Show its 
projections on the two planes named, the side plane being 


at the right of the front plane. 


PRACTICAL PROJECTION 


(PART 3) 


PROJECTION OF SURFACES 


PROJECTION OF SURFACES ON PRINCIPAL PLANES 


EXERCISE I 


1. Exercise I consists of four sheets, which contain, in 
all, twelve problems relating to the projection of plane sur- 
faces of various outlines and occupying various positions in 
reference to the principal planes. 


PROBLEM 1. Sheet 1—The one end of a regular hexagonal 
prism, circumscribing a circle having a diameter of 2 inches, 
is in a plane parallel to the horizontal plane and $ inch below 
it. One side of the prism, as shown in Fig. 1, is parallel to 
the front plane. The center of the circle is 14 inches from 
the side and front planes. The side plane, being at the right 
of the horizontal plane, shows the projections of the hexagonal 
surface on the three principal planes. 


SoLuTIon.—Referring to the reduced copy of Sheet I, 
Exercise I, draw the horizontal axis about 34 inches from 
the upper border line; draw the vertical and side axes about 
5 inches from the left border line. Locate the center a 
14 inches from the horizontal and side axes. Draw a circle 
2 inches in diameter with a as a center and construct the 
hexagon 1—2-3—4-5-6, making the side 1-2 parallel to the 
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horizontal axis. Project the points / to 6, that is, the corners, 
into the front and side planes, and draw the front projec- 
tion 6’—1’—2’—3’ and the side projection 2,-3,-4, at a distance 
of 4 inch from the horizontal and side axes. Because the 
hexagonal plane surface is parallel to the horizontal plane, 
it is perpendicular to the front and side planes, and hence the 
front and side projections will be straight lines. 

If the hexagon has been accurately drawn, the projection 
lines drawn from 4, 4, and 6 will pass through 1, 2, and 3, 
respectively. In the front projection the point 1’ is the pro- 
jection of the points 7 and 4; likewise, the point 2 is the 
projection of the points 2 and 4. In the side projection, the 
point 2, is the projection of the points 7 and 2; the point 3, 


Brea ‘FIG. 2 


is the projection of the points 6 and 3; the point 4, is the 
projection of the points 4 and 4. 

PROBLEM 2.—One end of a regular octagonal prism, circum- 
scribing a circle 2} inches in diameter, is in a plane parallel 
to the horizontal plane, and, as shown in Fig. 2, one of the 
sides of the prism is parallel to the front plane. The upper 
end of the prism is 4 inch from the horizontal plane, and its 
center line is 12 inches from the front and side planes. Show 
the projections of the upper end on the three planes, the side 
plane being at the right of the front plane. 

Locate the horizontal axis 21% inches from the upper 
border line and the vertical and side axes 243 inches from the 
right border line. 

ProBLeM 3.—One end of a regular hexagonal prism, 
circumscribing a circle having a diameter of 1} inches, is in 
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a plane perpendicular to the front plane and at an angle 
of 60°, measured as shown in Fig. 3, with the horizontal plane. 
For the sake of clearness, the angle given is shown between 
an auxiliary plane parallel to the plane of the given surface 
and the horizontal plane. One side of the prism is parallel 
to the front plane; the center line of the prism is 13; inches 
from the front plane. Show the projections of the hexagonal 
surface on the horizontal and front planes. 


SoLuTion.—Refer to the reduced copy of Sheet I, Exer- 
cise I, and also to Fig. 3. As an inspection of Fig. 3 will 
show, nearly all the lines of the hexagonal surface will show 
foreshortened in the 
horizontal and front 
projections; the 
length and _ position 
of these lines must 
be obtained from a 
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full view drawn on 
an auxiliary plane 
parallel to the plane 
containing the hex- 
agonal surface. This 
auxiliary plane may 
be turned either on 
its horizontal trace or 
on its front trace to the plane of the drawing, as may be 
most convenient; in the solution here presented, the auxiliary 
plane has been turned on its front trace. 

Since projections on the horizontal and front planes are 
called for, draw a line ab to represent the horizontal axis. 
This line may be drawn about 27% inches from the lower 
border line, locating its end b about 24 inches from the left 
border line. At 6 draw the horizontal trace 6c, which is 
perpendicular to ab; also draw the front trace bd at an 
angle of 120° witha b. Draw the revolved horizontal trace b e, 
which is perpendicular to the front trace, since the auxiliary 
plane is perpendicular to the front plane. Locate the center 


§ 19 PRACTICAL “PROJECTION 89 


of the circle inscribed in the hexagon 1,3; inches from the 
front trace and any convenient distance, say % inch, from 
the revolved horizontal trace. With the point f as a center, 
draw a circle 141 inches in diameter and around it draw the 
hexagon 1—2-3—4-5-6, taking care to make the side 1-6 
parallel to the front trace, as this side is parallel to the front 
plane. From the corners 1 to 6 draw projection lines, which 
are perpendicular to the front trace, a sufficient distance into 
the front plane, and at any convenient distance from the 
front trace, say 1} inches, draw the straight line 2/—1’—6’—6’ 
parallel to the front trace; this line is the front projection 
of the hexagonal surface. It will be understood that the 
point i’ represents the projection of the corners / and 3, and 
the point 6” of the corners 6 and 4. From the points 2’, 1’, 
6’, 5° draw projection lines a sufficient distance into the 
horizontal plane. From the corners 7 to 6 draw projection 
lines to the revolved horizontal trace be, intersecting this 
trace at 1,, 2,, and 3,. It will be understood that the pro- 
jection lines from the corners 7 and 6 coincide, and likewise 
those drawn from the corners 2 and 4, as well as those drawn 
from the corners 3 and 4. With 0 as a:center and b 1,, b 2,, 
and b 3, as radu, describe arcs intersecting the horizontal 
trace bc at 15, 23, and 3,, and from these points of intersection 
draw projection lines, which are parallel to the horizontal 
axis, to intersect the projection lines drawn from the front 
projection into the horizontal plane. The intersections /, 
to 6, are the projections on the horizontal plane of the corners 1 
to 6. Join the intersections 1, to 6, by straight lines; the 
resulting figure is the required horizontal projection of the 
hexagonal surface. 

The solution of this problem should make it clear that the 
projection of plane surfaces resolves itself into the successive 
projection of points on their boundary lines. In case of plane 
surfaces presenting easily recognizable corners, it is the usual 
practice, on account of its convenience, to project the corners. 


ProBLtemM 4.—Each end of a triangular prism forms an 
equilateral triangle having sides 1} inches long; the one end 
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is situated in a plane perpendicular to the front plane and 
at an angle of 60° with the horizontal plane, as indicated in 
Fig. 4. One side of 
the end is parallel 
to, and 144 inches 
from, the front plane. 
Show the front and 
horizontal projections 
of the one end. The 
auxiliary, plane is to 
be at the left and 
turned: on is front 
trace. 

Locate the hori- 
zontal axis 2,3; inches 
from the lower bor- 
der line, and the horizontal trace 34 inches from the right 
border line. 


TIT 


Fic, 4> 


2. Proprem 5. Sheet Il.—One end of a cylinder having 
a diameter of 2 inches is located in a plane perpendicular to 
the front plane and inclined 60° to the horizontal plane, as 
indicated in Fig. 5. The center of the one end of the cylinder 
is 1¢ inches from the 
front plane and 2} = 
inches from the hori- <=" 
zontal plane. The 
ends of the cylin- 
der ate at | rmght 
angles to the axis. 
Show the horizontal 
and front projections 
of the one end of the_ fli! 
cylinder. i, 


L 


Fal XX \\\ ee se 


. 
DO Ucn lOmNe Ie 
ferring to the reduced Fie. 5 


copy of Sheet II, Exercise I, draw the horizontal axis ab 
4 inches from the upper border line, and, in any convenient 
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location, say 17% inches from the left border line, a pro- 
jection line. On this projection line locate the centers c and ¢’ 
of the end of the cylinder. At any convenient distance from 
the center c, say 14% inches, draw the front trace 6 d; 
also draw the horizontal trace b e, which, since the auxiliary 
plane on which the full view is to be drawn is perpendicular 
to the front plane, is perpendicular to the horizontal axis. 
The auxiliary plane may be turned on its horizontal or its 
front trace to the level of the drawing, just as may be most 
convenient; if the plane is turned on its front trace, as done 
here, draw the revolved horizontal trace bf. Now locate 
the projection c’”” of the 
center of the end on the 
auxihary plane and draw 
the full view of the end, 
which is a circle. 

A circle, as well as 
any other curvilinear 
figure, can be projected 
only by projecting a 
number of arbitrarily 
chosen points on the cir- 
cumference. The pro- 
jections of these points, 
whose number and _ lo- 
cation is entirely a mat- 
ter of choice based on 
judgment and experi- 


ence, are then shown 
on the different planes, and are joined by a curved line. 

In many cases, especially when circles are to be projected, 
it is advisable to choose a number of points that is divisible 
by 4, to place them equidistant, and to arrange their location 
so that one projection line will serve to project the projection 
of two points. This has been done in the solution of Problem 5 
shown on the reduced copy of Sheet I], Exercise I. Starting 
at the intersection 7 of the line cc’’ with the circumference 
of the circle, this has been divided into eight equal parts: 


g 19 PRACTICAL PROJECTION . 938 


these projections / to 8 are projected into the front plane by 
the projection lines 8-8’, 7-7’, etc. Through the center c 
draw the line 7’—3’ parallel to the front trace bd; this line 
is the front projection of the circle. Now project the pro- 
jections I’ to 8’ and 1 to 8 into the horizontal plane to obtain 
the projections /, to 8,; using an irregular curve, draw a line 
through the projections 1,-2,, etc. to represent the horizontal 
projection of the circle. 

In order to show how, by a judicious selection of the number 
and location of points on the circumference, the number of 
projection lines can be reduced, Fig. 6 is presented. In this 
solution the projections / to 8 of the points were selected at 
random and consequently no two projections lie on a single 
Proopexnuaoan lite: 
Hence, as will be 
seen by contrasting 
the solution presented 
in Fig. 6 with that 
given on the reduced 
copy of Sheet Li, 
Exercise I, more pro- 


jection lines must be 
used to obtain the 
same result. 


PROBLEM 6.—A 
circular plane surface, 
the one end of a cylinder 2 inches in diameter, as indi- 
cated in Fig. 7, is situated in a plane perpendicular to 
the front plane and at an angle of 60° with the hori- 
gontal plane. The center of the surface is 1? inches 
from the front plane and 14 inches from the horizontal 
plane. Show the full view on the auxiliary plane turned 
on its front trace, and show the front and _ horizontal 


projections. 
Locate the horizontal axis 4 inches from the upper border 
line and the horizontal trace 27 inches from the right border 


line. 
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3. Prosprem 7. Sheet IJI.—A circular plane surface 
2 inches in diameter is situated in a plane perpendicular to 
the horizontal plane and making an angle of 30° with the side 
plane, measured as shown in Fig. 8. The center of the surface 
is 3 inches from the front plane, 12 inches from the horizontal 
plane, and +% inch from the side plane. Show the front 
view, top view, and side view of the surface, the side plane 
being at the right of the front plane. Turn the auxiliary 
plane on its horizontal trace. 


SOLUTION.—Referring to the reduced copy of Sheet III, 
Exercise I, draw the horizontal axis ab in any convenient 


Fic. 8 


location, say 3} inches from the lower border line. In any 
convenient location, say 2 inches from the left border line, 
draw the vertical axis bd and the side axis bc. Draw the 
horizontal trace be at an angle of 30° with the side axis, 
and draw the revolved front trace bf perpendicular to be. 
Also draw the revolved side axis bc’. Locate the center of 
the circle on the horizontal and front planes, and project it 
to the auxiliary plane, where the full view is drawn. Choose 
points on the circumference of the circle on the auxiliary 
plane and project these points into the three principal planes; 
through their projection draw the outlines of the several views. 

In the solution presented, the circle has been divided into 


96 PRACTICAL PROJECTION S19 


eight equal parts; the student may use this or any other 
number of points. 


ProspLtemM 8.—A circular surface having a diameter of 
13 inches is in a plane 
perpendicular to the 
front plane and ma- 
king an angle of 30°, 
measured as shown 
in Fig. 9, with the 
side plane. The cen- 
ter of the circle is 
143 inches from the 
horizontal and front 


planes, and #4 inch 
from the side plane. 
Show the projections 
of the surface “on 
the front, side, and 
Fic. 9 horizontal planes, the 

side plane being at the right of the horizontal plane. 
Locate the horizontal axis 4 inches from the upper border 


ost 
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line and the vertical and side axes 375 inches from the right 
border line. 
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4. Propiem 9. Sheet 1V.—The plane figure shown in 
Fig. 10 (a) is located on a plane perpendicular to the front 
plane and making an angle of 60°, measured as shown in 
Fig. 10 (6), with the horizontal plane. The center line a b, 
Fig. 10 (a), is parallel to the horizontal plane. The point of 
intersection ¢ of the center line de with the center line ab 
is 18 inch from the front plane and 33 inch from the horizontal 
plane. Show the horizontal and front projections of the 
figure. 


SoLuTION.—Referring to the reduced copy of Sheet IV, 
Exercise I, in any convenient location, say 2} inches from 
the upper border line, draw the horizontal axisj g. At any 
convenient distance from the left border line, say 244 inches, 
draw the horizontal trace gh, which is perpendicular to the 
horizontal axis, since the auxiliary plane is perpendicular 
to the front plane. Draw the front trace gz at an angle of 
60° with the horizontal axis. The full view may be drawn 
on the auxiliary plane turned either on its horizontal trace 
or on its front trace. In the solution presented, the auxiliary 
plane was turned on its front trace; hence, draw the revolved 
horizontal trace g 7, which is perpendicular to the front trace. 
At any convenient distance from the horizontal trace, say 
3? inch, draw a projection line extending sufficiently into the 
horizontal and front planes and on it locate the projections c’ 
and c’’ of the intersection c, Fig. 10 (a), #3 inch above and 
33 inch below the horizontal axis. Through the projection c’’ 
draw a projection line into the auxiliary plane; this projection 
line will represent on the auxiliary plane the center line ab, 
Fig. 10 (a), which, as stated in the problem, is parallel to the 
horizontal plane and perpendicular to the front plane, and 
hence its projection on the auxiliary plane is perpendicular to 
its front trace. On the auxiliary plane now locate the pro- 
jection c’’’, and construct the full view from the dimensions 
given in Fig. 10 (a). The sharp corners 0b, d, and e are con- 
venient points to project, as their projections give at once 
the length and position of the projections of the straight 
linesbdandbe. The are de must be projected by projecting 
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points on its projection in the full view; in the solution pre- 
sented, the arc is divided into four equal parts, thus giving 
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three points k, 1, and m, additional to the corners d and e. 
Project the points b, d, k, 1, m, and e into the horizontal and 
front planes, and through their projections draw the projected 
outline of the figure. 


Prosiem 10.—The plane figure shown in Fig. 11 (a) is in 
a plane perpendicular to the front plane and making an angle 
of 60° with the horizontal plane, as indicated in Fig. 11(0). 


Fic. 12 


The straight edge of the figure is parallel to the front plane 


25 


and } inch from it; the highest corner is 3 inch from the 
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horizontal plane. Show the top, side, and front views, the 
side plane being at the left of the front plane. 

Locate the horizontal axis 24 inches from the upper border 
line; locate the vertical and side axes 4 inches from the right 
border line; locate the horizontal trace 17% inches from the 
side axis; and turn the auxiliary plane on its front trace. 


PRopLEM 11.—The plane figure shown in Fig. 12 (a) is 
in a plane perpendicular to the front plane and inclined 30° to 
the side plane, which is at the left of the front plane, as 
indicated in Fig. 12 (b), which also shows the direction in 
which the auxiliary plane inclines toward the side plane. 
The straight edge ab of the figure is perpendicular to the 


Breas 


front plane, and the straight edge bc is parallel to that plane. 
The straight edge ad is also paraliel to the front plane and 
4 inch from it. The corner a is # inch from the side plane. 
Show the front and side views. 

Locate the vertical axis 24 inches from the left border line; 
locate the front projection of the corner a, Fig. 12 (a), 2% inches 
from the lower border line, and locate the front trace 1 4 inches 
from the front projection of the corner a. Turn the auxiliary 
plane on its front trace. It is suggested that the arc de, 
Fig. 12 (a), be divided into four parts, and that the pro- 
jections of the various points be located on the side plane by 
measurement. 
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PROBLEM 12.—The plane figure shown in Fig. 13 (a) is in 
a plane perpendicular to the front plane and making an angle 
of 45° with the side plane, the inclination being in the direction 
shown in Fig. 13 (6). The center line ab, Fig. 13 (a), is 
parallel to the front plane; the upper corner a is ? inch from 
the front plane and 7% inch from the side plane. Show the 
front and side views of the figure, the side plane being at the 
left of the front plane and the auxiliary plane being turned 
on its front trace. 

Locate the vertical axis 33 inches from the right border 
line; locate the front trace 1} inches from the front projection 
of the corner a; and locate the front projection of the corner a 
about 2 inches above the lower border line. It is suggested 
that each arc of the figure be divided into six equal parts. 


FINDING FULL VIEWS FROM PROJECTIONS ON 
PRINCIPAL PLANES 


EXERCISE II 


5. In practice} it is often necessary to obtain full views 
of plane surfaces that are either inclined to two of the prin- 
cipal planes and perpendicular to the third, or, more rarely, 
that are inclined to the three principal planes. In either case, 
the projection of the given surface on two of the principal 
planes must be given; from these the full view can be con- 
structed. 

There are three methods by which a full view may be 
obtained from two given projections of a plane surface. 

In the first method, the traces of the plane containing the 
given plane surface are determined from the given projections, 
and the full view is drawn onthe plane, or on an auxiliary 
plane parallel to that plane, of the given surface; the traces 
of this auxiliary plane obviously are parallel to the traces 
of the plane containing the given surface. The plane of the 
surface or the auxiliary plane is turned into the plane of the 
drawing around whichever trace is most convenient, and 
the full view is projected thereon from the given projections. 
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In the second method, the given surface is turned in space 
in one or more steps until it isin a plane parallel to one of the 
principal planes, and then the full view is drawn on that 
principal plane. 

In the third method, the given plane surface is divided into 
a number of adjacent triangles. The true length of each line 
of each triangle is then determined to obtain a full view of 
each triangle. The full view of the given plane surface is 
finally constructed by assembling the different full views of 
the triangles. - 

Each of the three methods here briefly explained is mathe- 
matically exact, and hence the adoption of any one of them is 
a question of expediency. Generally speaking, the first and 
second methods are used in machine drawing; the third 
method is used, practically to the exclusion of the other 
two, by sheet-metal workers and boiler makers, as it enables 
them to lay out the required full view directly on the sheet 
or plate of metal, without first laying out a full view on the 
drawing and then transferring it to the sheet or plate. 

Both the first and the second method will show the full 
view in true relation to the projections; the third method will 
produce a correct full view, but not in correct position in 
relation to the projections from which it was drawn. 


6. As stated in Art. 5, in the one method of finding the 
full view, the traces of the plane containing the surface are 
determined from the two given projections. The simplest 
and most frequent case arising in practice is that where the 
plane containing the given surface is inclined to two of the 
principal planes and is perpendicular to the third, one instance 
of which is presented in Fig. 14, where the given plane surface 
is in a plane inclined to the horizontal and front planes and is 
perpendicular to the side plane. 

If the projections of the plane surface on the three principal 
planes are given, it can be determined at once by inspection 
whether or not the plane of the surface is perpendicular to 
one of the principal planes, for in that case one of the three 
projections must be a straight line. At the same time, the 
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projection showing as a straight line, as the side projection in 
Fig. 14, is also a part of the intersection of the plane con- 
taining the surface with the plane on which the projection 
shows as a straight line; in other words, the straight line 
representing the projection is also part of one trace of the 
plane containing the given surface. 

When only two projections of a plane surface are given, it 
may be necessary to construct the third to determine whether 
the plane of the given surface is perpendicular to one principal 
plane. Thus, referring to Fig. 14, if only the horizontal and 
front projections abcde and a’b’c'd’e’ of the surface 
ABCDE are given, 
it will be necessary 
to construct the side 
Drojecwomac? a" 7. 
and note whether it 
is a straight line. 
PHAM On the other hand, 
if, i this particular 
case, the horizontal 
and side projections, 
or the front and side 
projections, had been 
given, inspection 
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would have shown 
at once that the 


plane of the given surface was perpendicular to the side plane, 
since the side view 1s a straight line. 

It having been determined that the plane of the given 
inclined plane surface is perpendicular to one principal plane, 
its one trace coinciding with that projection showing as a 
straight line, the other two traces are known to be parallel 
to the axes of the two principal planes to which the plane of 
the given surface is inclined. 

To draw the full view, the plane of the given surface, or 
any other plane parallel thereto, is turned on one of its traces 
until it coincides with, or is parallel to, the principal plane 
containing the trace around which the auxiliary plane was 
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turned. The outline of the surface is then projected on the 
auxiliary plane point by point from its given projections on 
two principal planes. 


7. Prosptem 13. Sheet I—The horizontal and front 
projections of a triangular plane surface are shown full size 
in Fig. 15. Draw a full view of the surface. 


SOLUTION.—Transfer the two projections of the triangle 
to the paper on which 
the problem is_ being 
drawn, locating the left 
projection line + inch 
from the left border line 
and the horizontal axis 
24 inches from the up- 
perm border line, ~To 
determine whether or 
not the triangular sur- 
facé isin a plane inclined 
to two principal planes 
and perpendicular to the 
third, construct a side 
view, alongside of either 
the horizontal plane 
or the side plane. In 
the solution shown on 
the reduced copy of 
Sheet I, the side view is 
drawn at the right of the 
horizontal plane; it is 
suggested that the side 
axis be located about 22 inches from the left re lime, If 
the work is carefully done, the side view will be a straight line, 
thus proving that the plane of the given oblique surface is 
perpendicular to one principal plane—the side plane in this 
instance. Consequently, the side trace of any auxiliary plane 
parallel to the given surface is parallel to the side view. 
For convenience, the auxiliary plane may be taken in such a 


Pre. W: 
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manner that it passes through the horizontal axis, in which 
case its horizontal trace coincides with the horizontal axis 
and the side trace intersects the intersection of the horizontal 
and side axes. The side trace having been drawn, draw 
projection lines from the points a, b, and c of the side view 
into the auxiliary plane. On these projection lines lay off 
from the side trace the distances the corners of the triangle 
are from the side plane, either by transferring the distances 
with dividers or by using the graphical method indicated on 
the reduced copy of Sheet I, Exercise II. In the latter case, 
it will be necessary to draw the revolved horizontal trace, as 
shown. Join the projec- 
tions of the corners on the 
auxiliary plane by straight 
lines; the resulting triangle 
is the required full view, 
in which each line shows 
in its true length and each 
angle in its true size. 


ProBLEM 14.—Draw a 
full view of the triangle 
whose projections are 
shown in Fig. 15, taking 
the auxiliary plane so that 
it passes through the hori- 

Fic. 16 zontal axes and turning the 
auxiliary plane on its horizontal trace into the front plane. 

Locate the horizontal axis 2$ inches from the upper border 
line and the side axis 24% inches from the right border line. 

Observe that this is a second solution of Problem 13, 
differing in that the auxiliary plane is turned on a different 
trace in this case. 


ProsieMm 15.—From the front and side projections of the 
figure shown in Fig. 16 draw a full view, turning the auxiliary 
plane on its side trace. The side plane is at the right of the 
front plane. 
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Locate the vertical axis 17 inches from the left border line 
and the side trace about 1} inches from the side projection. 


ys 


Pros_EM 16.—From the front and side projections of the 
figure shown in Fig. 17, the side plane being at the right of 
the front plane, draw a full view, turning the auxiliary plane 
on its front trace. 

The vertical axis may be located about 275 inches from 
the right border line and the front trace about 1 inch from 


the front projection. 


8. In many cases a full view of a plane surface inclined 
to two of the principal planes is most conveniently obtained 
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by the second method mentioned in Art. 5, that is, by turning 
the plane of the surface until it is parallel to one of the prin- 
cipal planes, turning it on some line within it parallel to that 
principal plane. Thus, in Fig. 18 (a), the figure a bG, as 
indicated by its front projection a’ b’c’ and side projection 
b,, ¢, isin a plane oblique to the front plane and perpendicular 
to the side plane. If the plane containing the figure is now 
turned on some line within it and parallel to the front plane, 
as the line c, c, for instance, until this plane is parallel to the 
front plane, as shown in Fig. 18 (6), the full view can be readily 
projected on the front plane. Referring to Fig. 18 (6), it 
will be noted that, in turning the plane containing the figure, 
the side projection 0, c, is turned around c, as a center until it 
is parallel to the vertical axis. Furthermore, in turning the 
plane of the figure, owing to the fact that the axis of rota- 
tion c,¢, is perpendicular to the side plane, the points a, b, 
and c of the figure remain the same distance from the side 
plane. As:the axis of rotation was chosen so as to pass 
through the points a and c¢, the front projections a’ and c’ 
remain stationary and the projection b’ moves vertically 
upwards; its distance from the horizontal plane is given by 
the new side projection c, ,. 

Particular attention is called to the fact that the line on 
which the plane of the surface is turned to bring that surface 
parallel to a principal plane must be at right angles to that 
principal plane on which a projection of the surface shows as 
a straight line. Although in Fig. 18 the line, or axis of rota- 
tion ¢,¢,, coincides with the edge ac of the surface, this is 
by no means necessary; neither is the axis of rotation neces- 
sarily parallel to an edge of the given surface. Furthermore, 
the axis of rotation may lie entirely outside of the given 
surface; in fact, it may be located where it is most convenient 
to do so. Generally speaking, it is desirable, however, to 
have the axis of rotation lie in the plane containing the given 
surface, as the line ¢, c, in Fig. 18. 

An objection urged against the method of obtaining a full 
view that has just been explained is that the full view and one 


of the projections will often overlap on the drawing; the 
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question of whether this objection is valid in any given case 
must be decided by the exercise of judgment. 


Fic. 19 


9. Proprem 17. Sheet I]—Draw a full view of the 
surface whose projections are shown in Fig. 19, turning the 
plane of the surface on an axis passing through the corner a 
and parallel to the horizontal and front planes. 


Fre. 720 


SoLuTION.—Referring to the reduced copy of Sheet II, 
Exercise I], draw the vertical axis about 34 inches from the 
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left border line. Transfer the projections shown in Fig. 19 
by means of dividers, locating the corner a about 3} inches 
from the upper border line. Through the side projection a’ 
draw a line parallel to the vertical axis, which line represents 
the side trace of the plane of the surface after it has been 
turned parallel to the front plane. With a’ as a center 
and a’ b’, a’c’, and a’d’ as radii, describe arcs intersecting 
the side trace. From the points of intersection draw pro- 
jection lines into the front plane to intersect projection lines 
a 


drawn from the corners 8, c, and d and parallel to the vertical 
axis. The points of intersection are marked ),, ¢c,, and d,, 
respectively. Join a and b,, b, and ¢, ¢c,.and d,, d, and a, by 
straight lines; the figure a b, ¢, d, is the required full view. 
ProBLem 18.—Draw a full view of the surface whose pro- 
jections are shown in Fig. 20, turning the plane of the surface 
parallel to the front plane on an axis located 4} inch upwards 
from the corner a and in the plane containing the surface. 
Locate the vertical axis about 22 inches from the right border 
line and the point a about ? inch from the upper border line. 
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ProBiLeM 19.—Draw a full view of the surface whose hori- 
zontal and front projections are shown in Fig. 21, turning the 


Fie, 22. 


plane of the surface parallel to the front plane on an axis 


passing through a. 
Locate the horizontal axis 2 inches from the lower border 
line and the point a 43% inches from the left border line. 


ProsBieM 20.—Draw a full view of the surface whose side 
and front projections are shown in Fig. 22, turning the plane 


Pics 


of the surface on an axis situated in this surface and 17; 
inches below the point a. 
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Locate the vertical axis 23 inches from the right border 
line and the point a 133; inches from the lower border line. 


10. When the plane of a given surface is inclined to the 
three’ principal planes and it is required to show the full view 
either on the plane containing the surface or on an auxiliary 
plane parallel to the plane of the surface, it becomes necessary 
to find the traces of the piane containing the surface from 
the projections of that surface. The principle involved in 
finding the traces from the projections is illustrated in Fig. 23, 
where abcd is a surface inclined to the three principal 
planes, a’ b’ c’ d’ the horizontal projection, and a, b, c,d, the 
front projection. If, now, two straight lines of the surface 
abcd, as the lines ab and cd for instance, are produced 
until they pierce the horizontal plane at e and j and the 
front plane at g and h, it will be evident that the points e and 7 
are two points in the horizontal trace, and that g and h are 
two points in the front trace of the plane containing the 
surface, since the lines eg and fh lie in that plane. Conse- 
quently, if the points e and fj and g and h/: are determined from 
the projections a’ b’ c’ d’ and a, b, c, d,, the exact location of 
the horizontal and front traces is obtained by drawing a 
straight line through e and j and through g and h, respectively; 
these lines intersect in the horizontal axis. | 

Since the line d’ c’ is the horizontal projection of the line dc, 
it follows that by producing the line d’c’, as indicated by 
the line id’c’e,-a horizontal projection of the line eg is 
obtained. Likewise, by producing the front projection d, ¢, a 
front projection of e gis given. Now consider the triangle ze g 
as an auxiliary plane; this plane, since it contains the pro- 
jectors dd’ and ¢c’, is perpendicular to the horizontal plane, 
and consequently its front trace 7g 1s perpendicular to the 
horizontal axis. Likewise, considering the triangle ej g as 
an auxiliary plane, its horizontal trace je is perpendicular 
to the horizontal axis. Then, if the front and horizontal pro- 
jections of the line dc are produced until they intersect the 
horizontal axis at 7 and j, respectively, and if perpendiculars 


are erected at 7 and 7, the intersection of these perpendiculars 
154-43 
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with the projections d’ c’ and d, c, produced gives the points e 
and g where the line dc produced in both directions pierces 
the horizontal and front planes. In the same manner are 
found the points 7 and where the line ab produced in both 
directions pierces the horizontal and 
front planes. 


11. Progeiem 21. Sheet 11] —Find 
the horizontal and front traces of the 
plane containing the surface whose 


Fic. 24 Fic. 25 


horizontal and front projections are shown in Fig. 24. 


-SoLution.—Referring to the reduced copy of Sheet III, 
Exercise II, draw the horizontal axis about 3%; inches from 
the lower border line and draw the two given projections 
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locating the corner a, Fig. 24, 12 inches from the left border 
line. Produce the projection ab until it intersects the hori- 
zontal axis at d and produce the front projection a’ b’ until 
it intersects the same axis at d’. Also produce both ab 
and a’ b’ in a direction away from the axis. At d and ad’ 
erect perpendiculars; their intersections e and e’ with ab 
and a’d’ produced are points in the horizontal and front 
traces. Produce bc and b’c’, and erect perpendiculars at the 
intersections 7 and 7’ to intersect bc and b’c’ produced in 
gand g’. Through the points g and e draw the horizontal 
trace; through g’ and ev’ draw the front trace. 

If the work has been accurately done, the two traces inter- 
sect on the horizontal axis. 


ProBLeM 22.—Find the horizontal and front traces of the 
plane containing the surface whose horizontal and front 
projections are shown in Fig. 25. 

Locate the horizontal axis about 3, inches from the 
lower border line and the corner a 14% inches from the right 
barder line. 


12. Propiem 23. Sheet I1V.—Show a full view of the 
surface whose horizontal and front projections are given in 
Fig. 26 (a), drawing this view on the plane containing the 
surface and turning the plane on its horizontal trace into the 
horizontal plane, as indicated in Fig. 26 (0). 


SoLuTion.—Referring to the reduced copy of Sheet IV, 
Exercise IJ, draw the horizoutal axis 3% inches from the 
lower border line and draw the two projections given in 
Fig. 26 (a), locating the corner a 343 inches from the right 
border line. Next, find the horizontal trace bc and the front 
trace bd of the plane containing the surface, and find the 
revolved front trace bd’. From the corners a, e, and 7? draw 
projection lines across the horizontal trace into the plane 
of the surface (turned into the horizontal plane). From 
the corners a’, e’, and 7’ draw projection lines to the front 
trace, intersecting this at a’’, e’’, and /’’. Transfer the dis- 
tances be’, bf’, and ba” to the revolved front trace bd’. 
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“a 


At the points a,, f,, and e,, erect perpendiculars intersecting 
the projection lines drawn from a, e, and 7 at @,, @, and },. 
Join a,, e,, and f, by straight lines to obtain the required full 


view. 


Bic n27 


It will be obvious that finding the required full view 
resolves itself into finding.the projection of three points on a 
plane oblique to the three principal planes, this oblique plane 
having been turned on one of its traces into the plane of the 
drawing. 
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13. Propiem 24. Sheet V—Show a full view of the 
surface whose front and right side projections are given in 
Fig. 27 (a), turning the plane containing the surface on its 
side trace into the side plane, as indicated in Fig. 27 (0). 

Locate the vertical axis 544 inches from the right border 
Ime and the corner a, Fig. 27 (a), 37% inches from the upper 
border line. 


EXERCISE III 

14. An objection raised against the method given in 
Arts. 10 to 12 for obtaining a full view of a surface, is that 
in practice the construction lines will often extend far beyond 
the drawing board, which renders difficult the application of 
this method in such cases. For this reason it is well for the 
student to be familiar with another method of obtaining full 
views, which is an extension, or modification, of the method 
explained in Art. 8. 

When a full view of a surface oblique to the three principal 
planes is to be drawn, there are two cases that arise in practice. 
In the one case, no line of the surface is shown in its true 
length; in the second case, one line is shown in its true length 
in one of its projections. It may be repeated here that the 
true length of a line is given if one of its three projections is 
parallel to one of the axes, or, in other words, if it lies in a 
plane parallel to one of the principal planes. 

When the plane of a surface is oblique to all three principal 
planes, the first step in the method now under discussion, 
assuming that no line shows in its true length on any pro- 
jection, is to turn the plane of the surface in such a manner 
that some line will show in its true length in one of the pro- 
jections, which occurs when it lies in a plane parallel to one 
of the principal planes. 

In Fig. 28 (a), let abc be the given surface represented by 
its horizontal projection a’ b’c’ and front projection a, 0, ¢,. 
None of the lines in either projection are parallel to an axis, 
and consequently none shows in its true length. Let it be 
decided to turn the plane of the surface so that one of the 
projections of the line a } will show in its true length, say the 
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front projection. Turn the plane of the surface abc on any 
axis perpendicular to the horizontal plane, say on the pro- 
jector bb’, in such a manner that the points a and ¢ remain 
the same distance from the horizontal plane and until the 
horizontal projection a’ b’ is parallel to the front axis. This 


turning of the plane of the surface does not change the out- 
line a’ b’c’ of the horizontal projection; it merely shifts the 
position of the corners a’ and c’ on the horizontal plane. 
In other words, turning the plane of the surface about b b’ as 
an axis results in rotating the projection a’ b’ c’ about b’ as a 
center into the position shown in.Fig. 28 (6). The front 
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projection a,b,c, in Fig. 28 (6) will be different than in 
Fig. 28 (a); itis found on a drawing by projecting the corners 
a’ and c’ downwards on lines drawn parallel to the horizontal 
axis and through the original positions of the corners a, and ¢,. 
The distance a, b,, Fig. 28 (), is the true length of the line a b, 
since the line a b is now parallel to the front plane. 

The next step is to turn the plane of the surface so that the 
line shown in its true length will be parallel to an axis. Thus, 
turn the plane of the surface around the projector b, 6 as an 
axis in such a manner that the horizontal projections of the 
corners a’, b’, and c’ remain at the same distance from the 
frorit plane and until the line ab, and hence its front projec- 
tion a,b, is parallel to the horizontal axis, as shown in 
Fig. 28 (c). This turning of the plane of the surface does not 
change the outline a, b,c, of the front projection; it merely 
turns this projection around the corner b, as a center. The 
horizontal projection a’ b’ c’ will be different, however, from 
what it was in Fig. 28 (6); on a drawing it is found by pro- 
jecting the new position of the corners a, and c, into the 
‘horizontal plane to meet lines parallel to the horizontal axis 
and drawn through the second position of the corners a’ and c’, 
or that shown in Fig. 28 (6). The plane of the surface is now 
oblique to the horizontal and front planes and perpendicular 
to the side plane, the side trace being given by the side 
projection }, cy. 

The last step in the operation is to turn the plane of the 
surface on some line within it and parallel to the front plane 
until the plane of the surfave is parallel to the front plane, 
which is done in the manner already described in Art. 8. 

When one of the lines of the given surface shows in its true 
length in one of the projections, the first operation described 
is obviously omitted. 


15. Prosrem 25. Sheet I—From the two projections 
that are given in Fig. 26 (a), determine the full view by the 
method explained in Art. 14. 


SoLution.—Referring to the reduced copy of Sheet I, 
Exercise III, draw the two projections, locating the horizon- 


AIQUN A] PUD ‘S49}aT SSDI “quapnyis {oO amp Ny . a0 


9 U1ef/GOld Ge Ue/Go4 


] 1224S G WD ‘Uouralor1g 1DIYIDAW TI] 9812940xq 


124 


§ 19 PRACTICAL PROJECTION 125 


tal axis 33 inches from the upper border line and the corner a 
3k inches from the left border line. Since no line is parallel 
to an axis, the first step is to turn the plane of the surface so 
that some line, say the line a b, will show in its true length. 
Draw a 0’ paraliel to the horizontal axis, making it equal to a b. 
On ab’ erect the triangle a b’ c’=a bc, this triangle being the 
new horizontal projection. Draw the new front projec- 
tion a,b, ¢,, determining the corners b, and c, by drawing 
projection lines from b’ and c’ to intersect lines parallel to the 
horizontal axis drawn through b, and c,. The line a,b, is 
the true length of the line whose projections are the lines a b 
and a,b,. Draw a, b, parallel to the horizontal axis, making 
it equal to a,b,, and construct the new front projection 
a, 6, ¢;. There is no need to construct the new horizontal pro- 
jection corresponding to a, b, cs, since the plane of the surface 
was turned in such a manner that all corners remained the 
same distance from the front plane, which distances can 
consequently be ascertained from the horizontal projec- 
tion ab’c’. Next, construct the side view a” c’’, drawing 
the vertical and side axis at any convenient distance, say 
1 inch, from the corner a. Now turn the plane of the surface 
about an axis perpendicular to the side plane and passing 
through a’ until it is parallel to the front plane, which brings 
the point c’ toc’. Project c’” into the front plane until the 
projection line intersects at c, a line perpendicular to the 
horizontal axis and drawn through c,. Join a, and b, with c, 
by straight lines; the triangle a, b, c, is the required full view. 
The full view obviously must be equal to that found in 
solving Problem 23, as the same projections were used. 


PROBLEM 26.—From the two projections that are given in 
Fig. 27 (a), determine the full view by the method explained 
in Art. 14. 

Locate the vertical axis 3} inches from the right border 
line and the corner a 42 inches from the upper border line. 


16. As was mentioned in Art. 5, a full view of a surface 
whose plane is oblique to the principal planes can be obtained 
by dividing the projections of the surface into triangles, 
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finding the true length of each line of each triangle, and con- 
structing the full view from these true lengths. 

In Fig. 29 is shown a quadrilateral surface ab cd whose 
plane is inclined to the three principal planes, and three 
projections are given, distinguished by prime marks and sub- 
scripts annexed to corresponding letters. Divide the surface: 
by a straight line ac into the trianglesabcandadc. Joining 
the projections a’ and c’, a, and ¢,, and a, and c,, of the pomts a 
anc) @ by Straight limes o's") a, 7.) anda, ¢, aives one cuiice 
projections of the line ac. Now, if the true length of the 
sides ac, ad, and dc of the triangle adc, and of the sides ac, 
av, and} cvet the. tik 
angle abc is deter- 
mined from either two 
or the three projec- 
tions, it will be evident 
that the quadrilat- 
eral abcd can be 
drawn by first con- 
structing one of the 
triangles, as abc for 
instance, and then on 
| the sidé @¢ the tte 
angle acd. 

For the sake of clear- 

ness of illustration, a 

very simple outlne was chosen; the principle involved is the 
same, however, with the most complex outline. 
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17. Progiem 27. Sheet I]—From the two projections 
given in Fig. 26 (a), determine the full view by the method 


explained in Art. 16. 


SOLUTION.—Referring to.the reduced copy of Sheet II, 
Exercise III, draw the projections given in Fig. 26 (a), loca- 
ting the corner marked a in that figure 2% inches from the 
upper border line and 24 inches from the left border line. 
To find the true length of the line whose one projection is 1-3, 


construct a right-angled triangle having 1—3 for one of the 
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adjacent sides and 1-3’ =3’—3’” for the other. The hypot- 
enuse 3-3” is the true length of the line whose horizontal 
projection is 1-3, 

It must be clearly understood that the true length of a line 
can be found by erecting a right-angled triangle on either one 
of the given projections, or the right-angled triangle may be 
constructed entirely separate from the given projections of 
the surface, just as may be most convenient. 

To find the length of the line whose front projection is 1’—2’, 
construct the right-angled triangle 1’/—2’/-2”, in which the 
side 1’-2’=1'-1'". Likewise, to find the true length of the 
line whose front projection is 2’—3’, construct the right- 
angled triangle 2’/—-3’—3,, in which the side 3’/-3,=3-3,, 

With the hypotenuses 
8-38", 2’-3,, and 2’—2” con- 
struct the triangle abc, 
which will be the required 
full view. 


PROBLEM 28.—Show a 
full view of the triangle 
Fic. 30 whose front and right side 
projections are given in Fig. 27 (a), using the method described 
in Art. 16 and drawing the triangles on the side projection. 
Locate the vertical axis 4? inches from the left border line 
and the corner a, Fig. 27 (a), 1 inch from the upper border 
line. 


PRroBLEM 29.—Draw a full view of the triangular surface 
whose front and right side projections are shown in Fig. 30, 
using the method explained in Art. 16. Observe that the 
front projection of one line is parallel to the vertical axis. 

Locate the vertical axis 42 inches from the left border line 
and the lower corner of the projections 2% inches from the 
bottom border line. 

Draw the triangles by which the true length of the lines is 
determined to the right of the projections, and the full view 
below the projections, as indicated on the reduced copy of 
Sheet II, Exercise III. 
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PROBLEM 30.—Draw a full view of the quadrilateral plane 
surface whose horizontal and front projections are shown in 
Fig. 31, using the triangulation method explained in Art. 16. 


SoLuTiIoNn.—Referring to the reduced copy of Sheet II, 
Exercise III, draw the two projections, locating the horizontal 
axis 24 inches from the upper border line and the extreme left 
of the projections 375 inches from the right border line. 

Divide the horizontal projection 1-2-3—4 into two triangles 
by drawing a straight line through two opposite corners, 
as 1 and 3 for instance. The front projection of the line 1-3 
in the horizontal view is given by 
the straight line 1—3 in the front 
view. If the plane of the given 
quadrilateral surface had been in- 
clined to the three principal planes, 
the front projection of the line 1-3 
in the horizontal view would obvi- 
ously not coincide with the straight 
line representing the front view in 
this particular case, in which the 
plane of the surface 1s perpendicu- 
lar to the front plane and inclined 
to the horizontal and side planes. 

To find the true length of the 
projection 1-4, draw the right- 
angled triangle 1-4—4”’, in which 
the side 1-4 equals the horizontal projection 1—4, and the side 
4-4" equals the distance 4-4” of the front view. Ina similar 
manner, find the true lengths of the horizontal projections 
4-8, 8-8, 2-1, and 1-5. 

To draw the full view, draw the triangle 1-2-3, making the 
side 1-9—=7-2", 2-8 = 2-3", and [-8=1-3". On the side 7-3 
erect the triangle 1-3-4, in which the side 1-4=1-4”, and 
ee 


Fie. 31 


18. Prosiem 31. Sheet I1].—From the two projections 
given in Fig. 32, draw the full view by the method given in 


Art, 6. 


154—44 
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Locate the corner a, Fig. 32, % inch from the left border 
line and the horizontal axis 24 inches from the upper border 


line. 


PRoBLEM 32.—From the two projections given in Fig. 33, 
construct the full view by the method given in Art. 16. 

Locate the corner a 4% inches from the right border line 
and the horizontal axis 3 inches from the upper border line. 


19. Prosiem 33. Sheet IV.—The horizontal and front 
projections of a plane surface are circles having a diameter 
of 2 inches; the center of each projection is 1} inches from the 
horizontal axis. Draw the full view by the method given 
in Art. 16. 


SoLtuTion.—Draw the two projections in any convenient 
location, say with their centers 2 inches from the left border 
line and the horizontal axis 2% inches from the upper border 
line. Since the two projections are symmetrical, the surface 
represented by them will also be symmetrical; consequently, 
if the true lengths of lines of triangles constructed in one 
quarter of each projection is determined, the true lengths of 
the lines of similar triangles in the remaining three quarters 
is also known. é 

Referring to the reduced copy of Sheet IV, Exercise III, 
draw straight lines 1-2 and 1—5 from the center of each 
projection, the lines /—2 being perpendicular to the horizontal 
axis and the lines /—4 parallel to that axis. The sectors 1-2-5 
are each a quarter of each projection. Establish a number of 
points on one of the arcs 2-4 and project these points to the 
other arc; the number of points chosen is entirely a matter 
of judgment, and they may or may not be spaced equal 
distances apart on the arcs, just as preferred. In the solution 
presented, the arcs 2-5 have been divided into three equal 
parts, thus establishing the points 3 and 4: Now draw the 
triangles 1-2-3, 1-3-4, 1-4-4 in both projections. Determine 
the true lengths of the lines 1-2, 1-8, 1-4, 9-8, 3-4, and 4-5 
of one of the projections, say the horizontal projection, by 
drawing the triangles shown to the right of the projections. 
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Since the two lines 1-5 are parallel to the horizontal axis, 
both show the true length of the corresponding line on the 
surface whose full view is desired. 

To construct the full view, draw the lines 2-2 and 4-5 in 
any convenient location, say so as to have their intersection 1 
27% inches from the left border line and 14 inches from the 
lower border line. Make the lengths /—5 equal to 1—4 of the 
given projections, and /-2=1-2’. With the true lengths of 
the lines, construct the triangles 1-2-3, 1-3-4, and 1-4-6; 
through the corners 2, 3, 4, and 4, draw the required outline, 
using an irregular curve. 


PrRoBLEeM 34.—The horizontal and front projections of a 
plane surface are circles having a diameter of 1% inches; the 
center of each circle is 14 inches from the horizontal axis. 
Draw the full view by the method used in solving Problem 33, 
locating the center of the full view 14 inches from the lower 
border line and 34 inches from the right border line. 

Locate the center of the projections 3,4 inches from the 
right border line, and the horizontal axis 2? inches from the 
upper border line. 


PRACTICAL PROJECTION 


(PART 4) 


PROJECTION OF SOLIDS 


PROJECTION OF SOLIDS BOUNDED BY PLANE 
SURFACES 


EXERCISE I 


1. In the projection of solids, no new principles are 
encountered, since solids are merely combinations of various 
surfaces, and these surfaces are projected one by one in the 
same manner as was shown in preceding problems. 

Since surfaces intersect in a line, it is only necessary, in 
drawing the projections of solids, to find, in any view or views, 
the projections of those lines that represent the correct inter- 
sections of the adjacent surfaces. The projections of the 
lines of intersection are found by projecting points defining 
these lines; hence, the projection of solids resolves itself into 
the projection of points. 


2. When the form of a solid is such that, in any view, 
one surface is hidden by another, the outline of the hidden 
surface is frequently conventionally defined by dotted lines 
on the drawing. This applies also to projections in which 
two or more solids are shown in such positions that some of 
their surfaces are completely or partly hidden by other sur- 
faces nearer the eye of the observer. Only such surfaces on 
which the lines of sight fall directly are shown in a view by 
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full lines, although, as mentioned above, the outline of such 
other surfaces as it may be desirable to show in a drawing 
may be indicated by dotted lines. 

The reading of working drawings is a comparatively easy 
matter, if each portion of the object represented is resolved 
into its respective surfaces, and the various outlines looked 
for as they are shown in the different projections. If this 1s 
found to be a difficult task, the surfaces may be further 
resolved into lines and points, whose respective positions may 
then be located in each view shown. It is not to be expected 
that the position of every surface in a complicated drawing 
will be seen by the beginner at a single glance—a man of long 
experience seldom has such proficiency. The complicated 
drawings become easily understood by careful study of the 
various positions of the surfaces composing the solids that 
are projected in the problems. 


3. It has been found convenient, when making projections 
of objects, to make use of a line that is imagined to pass 
through the central portion of the solid as it is shown in any 
plan and elevation. Such a line is called a center line, and in 
many projections it is inked in when the drawing is finished, 
since it frequently affords a convenient means of indicating 
certain positions of the figure, besides assisting in the location 
of the several surfaces of the solid in the different views. 
This line, however, is central only in its relation to the object 
of which the drawing is a representation, and not in relation 
to the planes of projection. This may be better understood by 
considering the center line as the projection of an imaginary 
surface (or plane) that passes through the central portion of 
the figure. It is generally represented in those views only 
in which that imaginary surface can be shown in one line. 


4. In the projection of solids, the first question that 
presents itself is which of the projections should be drawn 
first. No definite rule is possible by which to answer this 
question; the general rule is to draw that projection first which 
is easiest to draw from the known form and dimensions of the _ 
solid. Thus, in the case of a prism or pyramid, with its 
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center line parallel to two of the principal planes, it is easiest 
to draw the full view of one end or the base; with a cone, with 
the diameter and height given and its center line perpen- 
dicular to one and parallel to two principal planes, either one 
of the three projections can be drawn first with equal facility. 
The same statement applies to a cylinder placed in the same 
manner. When the center line is inclined to two or to ali 
principal planes, the work is started from some full view. 


5. Propiem 1. Sheet I—A regular pentagonal prism is 
shown in perspective in Fig. 1. In this prism the ends are 
pentagons with equal sides and inscribed in a circle having 
a diameter of ls’ inches; the five sides are parallelograms 

+ inches high. 

One side of the prism being parallel 
to the front plane and the two ends 
parallel to the horizontal plane, draw a 
front projection, right side projection, 
and horizontal projection, placing the 
right side projection alongside of the 
front projection. 


SOLUTION.—Referring to the reduced 
. copy of Sheet I, Exercise I, in any con- 

venient location, say 2 inches from 
the upper border line, draw the horizontal axis; likewise, say 
2? imches from the left border line, draw the vertical and 
side axes. Since the location of the prism in reference to the 
principal planes is not given, draw on the horizontal plane, 
in any convenient location, a circle having a diameter of 
lg inches, and through its center draw a projection line into 
the front plane. Beginning at the intersection / of this 
projection line, divide the circle into five equal parts, and 
draw the straight lines 1-2, 2-3, etc., thereby completing 
the required horizontal projection. If the division has been 
accurately made, the horizontal projection 3-4 is parallel to 
the horizontal axis, indicating that the side of the prism of 
which 3-4 is the horizontal projection, is parallel to the 
front plane. 
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Since the ends of the prism are parallel to the horizontal 
plane, in any convenient place on the front plane draw two 
straight lines 1} inches apart and parallel to the horizontal 
axis; on these lines will be the front projection of the top and 
bottom surfaces. From the horizontal projection project 
the points / to 4 down to the two lines on the front plane. 
Join the front projections / to 4 and 1’ to 5’ by straight lines, 
making the line /—1’ dotted to indicate that it represents an 
edge hidden from view; this completes the front projection. 

Owing to the way in which the prism is placed in reference 
to the front plane, projection lines to the side axis drawn 
from the points 2-and 4 coincide; this is also true of the 
projection lines drawn to the same axis from the points 3 
and 4. This indicates that the side projection of the points 
2 and 5 will be a single point, which is also true of the points 
o ands: 

To draw the side view, project the points / to 5 in the 
horizontal projection to the side axis and transfer the inter- 
sections of the projection lines with the side axis to the 
revolved side axis; then draw projection lines into the side 
plane. Project the points 7 to 5 and 1’ to 5’ from the front 
projection into the side plane to obtain the side projection 
of these points; join 7 and 1’ in the side plane, also 2-5 and 
2’_§', as well as 3-4 and 3’—4’, by straight lines, which com- 
pletes the side projection. 

The explanation given should make it plain that the pro- 
jection of solids resolves itself into the projection of points. 


ProBLEM 2.—Draw a front projection, horizontal projec- 
tion, and right side projection of the prism shown in Fig. 1, 
the side plane being at the right of the horizontal plane. 
One side of the prism is parallel to the horizontal plane, and 
the ends are parallel to the side plane. 

Locate the horizontal axis 1+4 inches from the upper border 
line and the vertical and side axes 2? inches from the right 
border line. 


ProsBiEeM 3.—The prism shown in Fig. 1 is inclined toward 
the side plane in such a manner that its center line makes an 
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angle of 30° with that plane, in the direction shown in Fig. 2. 
The center line is parallel to the front plane. Draw a full 
view of the top end and a front and side projection, the side 
plane being at the right of the front plane and one side of 
the prism being parallel to the front plane. 


SoLuTion.—Referring to the reduced copy of Sheet I, 
Exercise I, draw the vertical axis about 33%s inches from the 
left border line. Since the center line is parallel to the front 
plane, its front projection makes an angle of 30° with the 
vertical axis, and since the ends of the prism are at right 
angles to the center line, they are in planes making an angle 
of 90+ 30= 120° with the side plane and perpendicular to the 
front plane. Consequently, 
the plane on which a full end 
view is drawn makes an angle 
of 120° with the side plane, 
and since it 1s perpendicular 
to the front plane, its front 
trace makes an angle of 120° 
with the vertical axis. There- 
fore, at any convenient point 
on the vertical axis ab, say 
233s inches from the lower 
border line, draw the front 
trace ac at an inclination of 

ae 120° 40° <a 6. and draw the 
side trace ad at right angles to ab. Draw the revolved side 
trace ae at right angles to ac. The side trace and revolved 
side trace are drawn at right angles to the front trace and 
vertical axis because the auxiliary plane is perpendicular to 
the front plane. In any convenient location on the auxili- 
ary plane, construct the full view of the ends of the prism, 
taking care to have one side parallel to the front trace. 
From this full view project the front view, remembering 
that the height of the prism is 1} inches, and finally from 
the full view and: front view project the side view, point 
by point. 
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PROBLEM 4.—The prism shown in Fig. 1 is inclined toward 
the side plane so that its center line makes an angle of 45° 
with that plane, in the direction indicated in Fig. 3. The 
center line is parallel to the front plane. One side of the 
prism being parallel to the front plane and the side plane 
being at the right, draw a full view of the bottom end, a front 
projection, and a side projection. 

Locate the vertical axis 22 inches from the right border 
line and the intersection of the front trace with the vertical 
axis 2 inches from the lower border line. 


6. When the center line of a solid is inclined to the three 
principal planes, and the angles that 1t makes with two of 
the planes are given, no projection on either one of the three 
principal planes can be 
drawn without some pre- 
liminary work. The prin- 
ciple involved in this 
preliminary work will be 
explained with the aid of 
Fig. 4. 

Let A be a pentagonal 
prism situated inside of the 
three principal planes; let 
ab be its center line, which 
ie melined to. the three 
planes. Let a’b’ be one of the projections of the center 
line, in this case the horizontal projection. Imagine an 
auxiliary plane passing through the center line ab and its 
projection a’ b’; such a plane obviously is perpendicular to 
the horizontal plane, since it contains the projectors aa’ 
and bb’. Now imagine another auxiliary plane c d ej parallel 
to the first auxiliary plane; on this plane, since the center 
line and all side edges of the prism are parallel to it, a true 
view A’ can be projected, with the projection a,b, of the 
center line at the given inclination to the horizontal plane. 
Turn the plane cd ef around its horizontal trace ef until it 
coincides with the horizontal plane, its new position being 
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indicated by efc’d’. Obviously, the projection a, 6, of the 
center line ab makes the same angle with the trace e7 
that ab makes with a’b’, and since the trace ef is parallel 
to the projection a’ b’, the projection a,b, makes the same 
angle with a’ b’ that ab makes with a’ b’. The true view A’ 
takes the position A’ when the auxiliary plane cdej is 
turned into the position c’ d’ ef. 

Now consider the auxiliary plane ghz parallel to the one 
end of the prism, on which is projected the full view A, of 
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that end. Turn this auxiliary plane on its horizontal trace gh 
to the position ghz’; that is, level with the horizontal plane, 
when the full view A, assumes the position A,. Then, on the 
two auxiliary planes ghz’ and c’ d’ ef; which before turning 
to the level of the horizontal plane were perpendicular to 
each other, and whose horizontal traces are perpendicular, 
there are two views of the prism, at right angles to each other. 
From these two views, A’” and A,, the horizontal projec- 
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tion A’” can be projected, since every point of the prism 
appears in these two views in correct relation to the horizontal 
and front planes, as indicated by the projection lines (at right 
angles to the horizontal traces) drawn from corresponding 
points of the views A” and A, and intersecting on the horizon- 
tal plane. 

From the horizontal projection A’’’ and the full view A, 
the front projection is readily drawn, and from the horizontal 
and front projections the side projection can be projected, 
point by point. 


7. Prozsiem 5. Sheet Il.—The center line of the prism 
shown in Fig. 1 is inclined to the three principal planes, 
making an angle of 45° with 
the front plane and 30° with the 
horizontal plane, in the direc- 
tions indicated in Fig. 5. 

Draw a horizontal and front 
projection of the prism, the 
uppermost edge x y of the prism 
being parallel to the horizontal 
plane, as shown in Fig. 4. 


SOLUTION. — The first and 
obvious step in the solution of 
Problem 5 is to find the pro- 

Fic. 5 jections of the center line on 
the horizontal and front planes. 

Draw a right-angled triangle abc (see the reduced copy 
of Sheet II, Exercise I), making the angle bac 45° and the 
hypotenuse ac any convenient length, say about 3 inches. 
Also draw a right-angled triangle def, making the angle 
edj 30° and the hypotenuse de exactly equal to ac. 

Draw the horizontal axis gh in any convenient location, 
say 35 inches from the lower border line. In any convenient 
place, say ~ inch from the left border line, draw a perpen- 
dicular to gh and on it lay off gi=6c, and gk=ef. Fromi 
as a center and with df as a radius, describe a short arc 
(not shown) intersecting the horizontal axis at 1. Draw the 


$ 19 PRACTICAL PROJECTION 145 


straight lines 7] and kl, which are horizontal and front pro- 
jections of a straight line intersecting the horizontal axis 
and making an angle of 45° with the front plane and of 30° 
with the horizontal plane. As a test of the accuracy of the 
work see whether kl=ab, as it should. The horizontal 
projection of the center line of the prism should now be 
drawn parallel to ¢/, and wherever convenient; it may be 


Ty 


ano 


drawn through a point on the horizontal axis 5¢ inches from 
the left border line. Since the ends of the prism are in a 
plane perpendicular to the center line, the traces of that 
plane, and hence of any auxiliary plane parallel to it, are 
perpendicular to the projections of the center line. Draw 
the horizontal trace mn at right angles to the horizontal 
projection of the center line, locating m 3} inches from the 
154—45 
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left border line. Draw the front trace mo at right angles 
to kl; also draw the revolved front trace m0’. 

At any convenient distance, say 1;°; inches, from the hori- 
zontal projection of the center line of the prism, draw parallel 
to this projection the horizontal trace pq of an auxiliary 
plane; at any convenient distance from the trace pg and 
making an angle of 30° with it, draw a center line rs. On 
this center line, in any convenient position, draw an end 
view A of the prism in such a manner that one edge, as 1—4, 
will be parallel to the horizontal plane. Such an end view 
is located on a plane at right angles to the center line rs, 
corresponding to a,b, in Fig. 4. 

Consider Fig. 6 (a). In this illustration is shown the 
auxiliary plane cd e} of Fig. 4, the line ef being its horizontal 
trace. An auxiliary plane at right angles to the center line 
a, b, is shown by the outline ¢ e,d,d’’, on which is located 
an end view of the pentagonal prism; the horizontal trace e é, 
of the plane containing the end view is at right angles to the 
axis ed’’ of the two auxiliary planes. Since this axis is at 
right angles to the center line a, b,, it follows that when the 
plane containing the end view is turned on the axis ed’ even 
with the plane containing the side view, as shown in Fig. 6 (0), 
its revolved horizontal trace e e, will be parallel to the center 
line a,b, Now turn the two auxiliary planes from the 
vertical position in which they were shown in Fig. 6 (0), 
around the horizontal trace ef, to the level of the horizontal 
plane, as shown in Fig. 6 (c). The new position of the center 
line is indicated by the letters a, b, (see also Fig. 4), and the 
horizontal trace e é,, in its second revolved position, is still 
parallel to the center line. Consequently, if one side of the 
end view A, referring now to the reduced copy of Sheet II, 
Exercise I, is drawn parallel to the horizontal trace t u, corre- 
sponding to e e, of Fig. 6, it will insure that the corresponding 
edge of the prism will be parallel to the horizontal plane. 
On the same sheet the line ¢v corresponds to the axis ed” 
of Fig. 6. 

The end view A (see the reduced copy of Sheet II, Exer- 
cise I) having been drawn, the side view A’ can be projected. 
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It is well to mark by corresponding figures corresponding 
points of the two views, distinguishing the same points at 
the second end of the prism by annexing a prime (’) mark, 
or in some similar manner. 

On the horizontal projection of the center line of the prism, 
produced past the trace m1 into the auxiliary plane, and at 
any convenient distance from the trace mn, draw a full 
view A” of one end of the prism with one side, as /—4, parallel 
to the trace, and number the corners to correspond with those 
of the end view A. From the side view A’ and the end 
view A’’, project the horizontal projection A’”’, point by 
point. From the horizontal projection A’” and full view A”, 
project the front projection A” 
of the prism. 

Referring to the reduced 
rel copy of Sheet II, it will be 

noticed that in transferring to 
the front trace mo, the dis- 
tances from the point m at 
which projection lines drawn 
from the corners 7 to 5 inter- 
sect the revolved front trace 
mo’, arcs have not. been 
drawn with m as a center, 
as has been done heretofore 
in similar cases. Instead, the angle o mo’ has been bisected 
by the line m w and the projection lines extended beyond the 
revolved front trace mo’ until they intersect the bisecting 
line mw. From these points of intersection, projection lines 
perpendicular to the front trace mo are drawn into the front 
plane. This method of transferring intersections obviates the 
use of compasses, and for this reason is often handier than 
the arc method; it may also be employed for transferring 
distances from the origin of the axes of planes from one axis 
to another. 
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8. Propiem 6. Sheet I1].—The center line of the prism 
shown in Fig. 1 is inclined to the three principal planes, 
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making an angle of 30° with the front plane and of 15° with 
the horizontal plane, in the directions indicated in Fig. 7. 
The uppermost edge of the prism being parallel to the hori- 
zontal plane, as shown in Fig. 4, draw a horizontal and front 
projection of the prism. 

Locate the horizontal axis 2? inches from the lower border 
line and the intersection of the traces with the axis 4}§ inches 
from the left border line. 


PROJECTION OF SOLIDS BOUNDED BY PLANE 
AND CURVED SURFACES 


EXERCISE Ii 
9. Propiem 7. Sheet I.—Draw horizontal, front, and 
side projections of a cylinder having a diameter of 1} inches 
and a height of 13 inches. The center line of the cylinder is 
parallel to the front and side planes; the side plane is at the 


right of the front plane. f 


SOLUTION.—Referring to the reduced copy of Sheet I, 
Exercise II, draw the horizontal axis 1% inches from the 
upper border line and the vertical and side axes 3 inches from 
the left border line. Draw the center line ab at any con- 
venient distance, say 14 inches, from the vertical and side 
axes. Since the ends of the cylinder are parallel to the hori- 
zontal plane, the horizontal projection is a circle having a 
diameter of 1 inches. For the front projection, draw two 
straight lines 1} inches apart and parallel to the horizontal 
axis. From the horizontal projection, tangent to the circle, 
project the straight lines cd and ef; the rectangle cdfe is 
the required front projection. From the horizontal and front 
projection, project the side projection. 


PROBLEM 8.—Draw horizontal, front, and side projections 
of a cylinder having a diameter of 12 inches and a height of 
1} inches, the center line of the cylinder being parallel to the 
horizontal and front planes, and the side plane being at the 
right of the horizontal plane. 
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Locate the horizontal axis 2 inches from the upper border 
line and the vertical and side axes 2,5 inches from the right 
border line. 


PROBLEM 9.—The center line of a cylinder having a diameter 
of 14 inches and a length of 1} inches is\inclined 45° to the 
side plane and is parallel to the front plane, the direction in 
which the center line is inclined being indicated in Fig. 8. 
The side plane being at the right, draw front and side 
projections of the cylinder. 


SOLUTION.—Referring to the reduced copy of Sheet I, 
Exercise II, in any convenient location, say 32 inches from 
the lett border line, draw the vertical axis. From a point on 
the vertical axis about 24 inches above the lower border line, 
draw the front trace of the 
auxiliary plane on which a 
full end view is located; this 
will. make an angle of 45+90 
= 135° with the vertical axis. 
At right angles to the verti- 
cal axis, draw the side trace, 
and at right angles to the 
front trace draw the revolved 
side trace. At any conve- 
nient distance from the inter- Fic. 8 
section of the front trace with the vertical axis, say 14 inch, 
draw the front projection of the center line; since the 
center line is parallel to the front plane, its front pro- 
jection makes the same angle with the vertical axis that 
the line itself makes with the side plane. On the auxiliary 
plane draw the end view of the cylinder, which is a circle 
14 inches in diameter; draw the front view, locating the upper 
end about lis inches from the front trace. Divide the end 
view into any convenient number of parts, say eight, and 

‘project these points of division to the front projection. Pro- 
ject the points of division from the full view and the front 
projection to the side plane, and through their projections on 
that plane draw thie two ellipses forming the side view of the 
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twoends. Since only the lower half of the lower end is visible, 
it should be drawn as a full line; the upper half, being hidden 
from view, is drawn as a dotted 
line. Draw the straight lines 
1-1’ and 5-65’, which como 
the side view. 


ProBLEM 10.—The center of 
the cylinder in Problem 9 is 
inclined 45° to the front plane, 
in the direction shown in 
Fig. 9, and is parallel to the 

cee side plane. Draw front and 
side views of the cylinder, the side plane being at the right 
of the front plane. 

Locate the vertical axis 3$ inches from the right border 
line and the intersection of the front trace with the vertical 
axis 2; inches from the lower border line. 


10. Prospiem 11. Sheet II1—The center line of a cylinder 
having a diameter of 14 inches and a length of 14 inches, is 
inclined 30° to both the horizontal and front planes, as shown 
in Fig. 10. Draw a horizontal and front projection of the 
cylinder. 


SoLuTION.—The preliminary 
work for the solution of this prob- 
lem is exactly the same as that for {J Tn 
the solution of Problems 5 and 6, l., 
Exercise I. Referring to the re- 
duced copy of Sheet II, Exercise II, 
draw the horizontal axis 3 inches 
from the lower border line and 
locate the intersection of the traces. jj 
with that axis 475 inches from lll 
the left border line. Draw the Fic. 10 
projection ab of the center line so that it intersects are 
horizontal trace 17s inches from the horizontal axis. Draw 
the full end view A and the side view B, divide the circle A 
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into any convenient number of parts (eight in this instance), 
and project the points of division / to 8 to the side view B. 
Draw the full end view A’ on its auxiliary plane and establish 
on it the same points of division that were established on the 
view A and in exactly the same position in reference to the 
horizontal plane. An easy way of insuring the same relative 
position of the points of division in the views 4 and A’ is to 
begin the division at / on a line /—4 passing through the center 
of the circle A and at right angles to the horizontal trace of 
its plane; in the view A’, begin the division at the point 1/ 
where the center line ab, which is at right angles to the 
horizontal trace of the plane on which A’ is situated, intersects 
the circle. From the views A’ 
and B project the points / to 8 
and 7’ to 8’ into the horizontal 
plane; through the points thus 
found draw ellipses and join 8 
and 3’ as well as 7 and 7” by 
straight lines, thus completing 
the required horizontal projec- 
tion C. 
From the horizontal projec- 
tion Gand wiew A he ton 
Fie. 11 projection Dis readily projected. 
It will be observed that none of the points of division in the 
view A’ are in a line passing through the center of the circle 
and parallel to the revolved front trace, and hence in the 
front view the diameter of the cylinder cannot be obtained by 
projecting from two of the points of division 1 to 8 of the 
view A’. To obtain the correct diameter of the cylinder in 
the front projection, draw projection lines tangent to the 
circle A’ and perpendicular to the revolved front trace. 


11. Propiem 12. Sheet III.—The center line of a 
cylinder 14 inches in diameter and 14 inches long is inclined 
30° to the front plane and 15° to the horizontal plane, in the 
directions shown in Fig. 11. Draw the horizontal and front 
projections of the cylinder. 
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Locate the horizontal axis 2? inches from the lower border 
line and the intersection of the traces with that axis 4% inches 
from the right border line. Make the horizontal projection 
of the center line intersect the horizontal trace 1 inch from 
the horizontal axis. 


PRACTICAL PROJECTION 


(PART 5) 


PROJECTION OF SECTIONS 


SECTIONS PERPENDICULAR TO ONE PRINCIPAL 
PLANE 


EXERCISE I 


1. Jn drawing a sectional view of a solid, the method of 
procedure depends on the position of the cutting plane in 
reference to that of the three principal planes. Broadly 
speaking, there are three positions that the cutting plane may 
occupy. These are: 

1. Parallel to one of the three principal planes and per- 
pendicular to the other two. In this case there are two 
traces, each of which is parallel to an axis. 

2. Inclined to two of the principal planes and perpen- 
dicular to the third. In this case it is possible to have three 
traces, two of which are parallel to the same axis, and the 
third is inclined to the other two axes. 

3. Inclined to the three principal planes. All three traces 
possible are then inclined to the three axes. 

In all cases the projection is begun by drawing those views 
that are located on the principal planes intersected by the 
cutting plane; in case of very simple objects the cutting plane 
may intersect only one of the principal planes, in which case 
the projection would be begun by drawing the view on that 
principal plane. From the view on a single principal plane, 
ENTERED AT STATIONERS’ HALL, LONDON 
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or the views on several principal planes, and the intersec- 
tion of the cutting plane with the object, as shown on the 
view or views on principal planes, the sectional view is drawn. 

In practice, it is usually desirable that the sectional view 
show in their true lengths all lines lying in the cutting plane; 
when such a sectional view is desired, it is obtained by draw- 
ing it on a plane parallel to the cutting plane and turned on 
one of its traces to the level of the drawing. 

In case the cutting plane is not parallel to the plane on 
which the sectional view is shown, some or all of the lines 
of the sectional view will appear foreshortened; a full view 
showing all lines of the section in their true lengths is readily 
drawn by one of the three methods prev_ously given for find- 
ing full views of surfaces inclined to the principal planes. 


2. Prosrem 1. Sheet I—Draw a front view and a sec- 
tional side view of a hollow cylinder having an outside diam- 
eter of 3 inches, an inside diameter of 2 inches, and a length 
of 2 inches. The two ends of the cylinder are in planes at 
right angles to the center line. The cutting plane, as indi- 
cated in Fig. 1, passes through the center line of the cylinder 
and is parallel to the side plane, which is at the right of the 
front plane. The center line of the cylinder is at right angles 
to the front plane. 


SotuTion.—Referring to the reduced copy of Sheet I, 
Exercise I, in any convenient location, say 24 inches from 
the left border line, draw the vertical axis ab. Since the 
cutting plane is parallel to the side plane, its front trace is 
parallel to the vertical axis; since the distance of the cutting 
plane from the side plane is not given, draw the front trace c d 
at any convenient distance, say } inch, from the vertical 
axis. On the front trace locate the front projection e of the 
center line of the cylinder; since the center line is at right 
angles to the front plane, its front projection is a point. 
This front projection e may be located 2 inches from the upper 
border line. With e as a center and radii of 3+ 2= 1} inches, 
and 2+2=1 inch, respectively, describe the semicircles 7 g 
and hi; the outline fzhg is the required front projection. 
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Since the ends of the cylinder are in planes at right angles to 
the center line, and since this line is at right angles to the front 
plane, it follows that these planes are parallel to the front 
plane, and hence their side traces (which contain the side 
projections of the ends of the cylinder) are parallel to the 
vertical axis. The distance of the cylinder from the front 
plane not being given, draw the trace jk at any convenient 
distance from the vertical axis, say $ inch. At a distance 
equal to the length of the cylinder, or 2 inches, from ag 
trace jk draw the trace 1m. Project the points jt 8 
on the traces jk andlm. Now draw the outline 7’ z 1 i! gee 
h’’ v’’ j’’, which is the required sectional view. Cross-section 
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ja’ 7” and h’ g' gh’ to indicate that these two parts 
were cut by a cutting plane, or are in section, as it is called. 


PropLemM 2.—Draw a front and a sectional side view of a 
cylinder having an outside diameter of 3 inches, an inside 
diameter of 2 inches, and a length of 14 inches. The center 
line of the cylinder is perpendicular to the front plane. The 
cutting plane is perpendicular to the front plane and parallel 
to the side plane, which is at the right. The cutting plane, 
as shown in Fig. 2, passes through the cylinder at a distance 
of } inch to the right of the center line. The end surfaces of 
the cylinder are at right angles to its axis. 
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Locate the vertical axis 24 inches from the right border 
line; locate the center line of the cylinder 2 inches from the 
upper border line; locate the front trace of the cutting plane 
s inch from the vertical axis; and locate the front end of the 
cylinder } inch from the front plane. 

PRoBLEM 3.—Draw a front and a sectional side view of a 
hexagonal prism circumscribing a cylinder having a diameter 
of 24 inches. The prism has a central hole 12 inches in 
diameter and a height of 14 inches. The center line of the 
prism is perpendicular to the front plane; the cutting plane, 
as shown in Fig. 3, passes through the center line of the prism 
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and is parallel to the side plane, which is at the right. One 
of the sides of the prism is parallel to the side plane. The 
ends of the prism are at right angles to its center line. 
Locate the vertical axis 22 inches from the left border line 
and the center line of the prism 2 inches from the lower border 
line. Draw the front trace of the cutting plane ¢ inch from 
the vertical axis, and assume that the front end of the prism 


is Z inch from the front plane. 


ProspLtem 4.—Draw a front and a sectional side view, 
the side plane being on the right, of a hollow cylinder having 
an outside diameter of 3 inches and a length of 2 inches. 

154—46 
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The central hole is tapering, having a diameter of 2 inches at 
one end and of 14 inches at the opposite end of the cylinder. 
The center line of the cylinder is perpendicular to the front 
plane; the cutting plane, as shown in Fig. 4, passes through 
the center line of the cylinder and is parallel to the side plane. 
The ends of the cylinder are at right angles to the center line, 
and the large end of the hole is toward the front plane. 

Locate the vertical axis 3 inches from the right border line 
and the center line of the cylinder 2 inches from the lower 
border line. Draw the front trace of the cutting plane 
4 inch from the vertical axis and assume that the front end 
of the cylinder is 4 inch from the front plane. 


&. Practice varies somewhat in regard to drawing the 
view on that plane on which is shown the trace of the cutting 
plane; this plane, in Problems 1 to 4, inclusive, was the front 
plane. In the case of objects symmetrical in respect to their 
center line, 1t is the most common practice not to show those 
portions of the solid that were assumed to be removed, 
as was done in the solution presented on the reduced copy 
of Sheet I, Exercise]. When the view on that plane on which 
is shown a trace of a cutting plane is unsymmetrical in respect 
to its center line, it is usually advisable to show the complete 
view. 

It will be understood that in making a sectional drawing 
the lines composing the outline of the section at the cutting 
plane will show in their true lengths only when the cutting 
plane is parallel to the plane on which the sectional view 
is drawn. 


4, Propitem 5. *Sheet II—A regular hexagonal prism 
circumscribing a circle 2 inches in diameter has its center 
line perpendicular to the horizontal plane and two opposite 
sides parallel to the side plane, which is at the right of the 
front plane. The ends of the prism are at right angles to its 
center line; the prism is 374 inches high. A cutting plane 
perpendicular to the front plane and making an angle of 60° 
with the horizontal plane passes through the prism in such 
a position that, as shown in Fig. 5, it intersects the top of 
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the prism 4 inch from the edge farthest from the side plane. 
Draw a top, a front, and a side view. 


SoLution.—Referring to the reduced copy of Sheet II, 
Exercise I, in any convenient location, say 3% inches from the 
upper border line, draw the horizontal and revolved side 
axes; in any convenient place, say 2? inches from the left 
border line, draw the vertical and side axes. Since the prism 
is not definitely located in reference to the principal planes, 
the views may occupy any convenient position provided they 
are drawn in true relation to each other. The first view to 
be drawn is the top view. On the horizontal plane, choose 
the point a where the center line pierces the plane; it is 
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suggested that it be located 14 inches from the side axis and 
% inches from the horizontal axis. Draw a circle 2 inches 
in diameter with a as a center and construct the top view, 
being careful to have the edges 1-8 and 4-4 parallel to the 
side axis. Since the ends of the prism are parallel to the 
horizontal plane and the cutting plane is perpendicular to 
the front plane, the intersection of the cutting plane with the 
upper end of the prism is parallel to both the horizontal and 
the side plane. Consequently, the horizontal projection of 
this line of intersection is parallel to the side axis. There- 
fore, at a distance of $ inch from the edge 1-8 of the top view 
and parallel to the side axis draw the line 2-7, which is the 
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projection of the line of intersection of the cutting plane with 
the upper end of the prism. 

Next, draw the front view, projecting the different corners 
downwards from the plan view and make the prism 37 inches 
high, locating the top of the prism at some convenient dis- 
tance, say $ inch, from the horizontal axis. Project the 
line 2-7 of the top view on the line denoting the upper end 
of the prism in the front view; through the point of inter- 
section draw a line at an angle of 60° with the horizontal 
axis, in the direction shown by Fig. 5, which line is the front 
trace of the cutting plane. 

Now, from the top and front views, project the side view. 
In the top and side views, cross-section the prism where it 
is cut by the cutting plane; this completes the solution. 


PRroBLEM 6.—-The same prism that was given in Problem 5 
has its center line perpendicular to the horizontal plane and 
occupies a position in which two opposite sides, as shown in 
Fig. 6, are parallel to the front plane. A cutting plane 
making an angle of 45° with the horizontal plane, and which 
is perpendicular to the front plane, passes through the upper 
corner, farthest from the side plane, of the prism. The side 
plane being at the right of the front plane, draw a top, a front, 
and a side view. 

Locate the horizontal axis 34 inches from the upper border 
line and the vertical axis 2? inches from the right border line. 
Locate the center line on the horizontal plane 14 inches from 
the horizontal axis and 12 inches from the side axis. In the 
front view, locate the highest corner 3 inch from the horizontal 
axis. 


SECTIONS OBLIQUE TO THREE PRINCIPAL PLANES 


EXERCISE II 


5. Before projection drawings of a section cut by a cutting 
plane inclined to the three principal planes can be made on 
the actual drawing, it is necessary to find from the known 
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angles the traces either of the cutting plane or of some con- 
venient auxiliary plane parallel to the cutting plane. 

The principle involved in finding the traces of a plane 
inclined to the three principal planes from the angles it makes 
with two of those planes cannot be readily made clear by 
illustrations. There is, however, a simple and easily remem- 
bered general solution, which is here presented without any 
attempt being made to explain the principle involved. 


Bice 7 


Referring to Fig. 7, let a b be an axis of two of the principal 
planes. At any convenient point draw a line ¢ d perpendicular 
to the axis ab. With the intersection e as a center and any 
convenient radius, describe the circle 7. On each principal 
plane and in any convenient direction draw a line, as gh 
and 7), tangent to the circle f at convenient points. From 
the center e of the circle f draw a straight line eg to 
intersect the tangent gh, drawing it in such a position 
that the angle k between eg and gh is equal to the angle 
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the cutting plane makes with the plane on which the 
line gh is located. Exactly at right angles to eg, and from 
the center e, draw the straight line eh. similarly, draw the 
line ¢2 so that the angle / between e7 and ij is equal to the 
angle that the cutting plane makes with the plane on which 
tj is located. Draw ej exactly at right angles toe7. Next, 
with ej as a radius and ¢ as a center, describe an arc intersect- 
ing the line c dat m; also, withe hasa radius and e as a center, 
describe an arc intersecting the line cd at n. With egandez 
as radi and e as a center, describe the arcs op and qr. 
Through the points m and” draw the straight lines stand ut 
tangent to the arcs o p and qr; these two lines are the required 
two traces. 

If the work has been accurately done, the traces intersect 
on the axis ab; if the traces should fail to intersect exactly 
on the axis, the drawing must be gone over minutely, step 
by step, to tind the errof or errors. 


6. in practice, it sometimes occurs that the traces of a 
cutting plane, or of any other auxiliary plane, inclined to the 
three principal planes, are known and it is required to find 
the angle or angles that the plane makes with one or all of the 
principal planes. The principle involved is shown in Fig. 8. 

When two planes intersect, the angle between these two 
planes is measured on a third plane perpendicular to both 
intersecting planes. Thus, in Fig. 8 (a), the auxiliary 
plane abc is perpendicular to both the horizontal plane and 
the auxiliary plane de7, and the angle g between the trace 
ab and the line of intersection ac is the angle the plane dej 
makes with the horizontal plane. Since the auxiliary 
plane abc is perpendicular to the horizontal plane and the 
auxiliary plane d ej, the horizontal trace a b is perpendicular 
to the horizontal trace de; the front trace bc is perpendicular 
to the horizontal axis, and the angle between the horizontal 
trace ab and the front trace bc is a right angle. Next, 
imagine that the auxiliary plane abc is turned on its hort- 
zontal trace a b into the horizontal plane, as indicated by the 
triangle abc’, Fig. 8 (b). In this triangle, the length of 
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the side bc’ obviously is equal to that of the front trace bc; 
bc’ is parallel to the horizontal trace de, and the angle g is 
the angle between the horizontal plane and the plane def. 
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In Fig. 8 (c), let de be the given horizontal trace and df 
the given front trace; let hi be the horizontal axis. To 
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find the angle the auxiliary plane makes with the horizontal 
plane, at any convenient point on the trace de erect a per- 
pendicular ab intersecting the horizontal axis at b. From 
the point of intersection 6 draw a line b c perpendicular to the 
horizontal axis hz and intersecting the front trace df at c. 
Through the point of intersection b draw a line bc’ parallel 
to the horizontal trace de and make the length of bc’ equal 
to that of bc. Join a and c’ by a straight line; the angle g 
between the lines ab and ac’ is the required angle. 

In precisely the same manner the angles the auxiliary 
plane makes with the front and side planes can be 
determined. 


7. In nearly all cases occurring in practice where pro- 
jections of a section cut by a cutting plane inclined to the 
three principal planes are to be drawn, it is required that the 
cutting plane pass through some given point of the object. 
The principle involved in doing this is shown in Fig. 9 (a). 
In this illustration ab and ac are the horizontal and front 
traces of a plane abc that makes the given angles with the 
horizontal and front planes. These two traces, on a drawving, 
are easily found by applying the method given in Art. 5. 
Assume d to be a point in space, and let d’ be its horizontal 
projection and d” its front projection. Let the plane a’ b’ c’ 
be parallel to the plane abc and pass through the point d. 
Then, the horizontal trace a’ b’ is parallel to ab, and the 
front trace a’c’ is parallel to ac. Conceive a triangular 
plane dd’ e, perpendicular to the horizontal plane and to the 
plane a’ b’c’. In this triangular plane the trace d’e is at 
right angles to the trace a’ b’, and hence to the trace ab; the 
angle f is the angle the plane a’ b’ c’ makes with the horizontal 
plane, and the angle between ed’ and d’d is a right angle. 
Turn the triangular plane ed’ d on its horizontal trace e d’ 
into the horizontal plane, as shown by the outline ed’d,. In 
this new position, the side d’ d, is parallel to the trace a’ b’ 
and hence to ab; its length is equal to that of the projector 
d’d, and hence to that of the projection d’’ d, of the pro- 
jector d’d. The angle between d’e and d,e is the angle 
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made by the planes abc and a’ b’c’ with the horizontal 
plane, and the angle between ¢ a’ and d’ d, is a right 
angle. 

Hence the following construction: In Fig. 9 (b), let ab be 
an axis, and cd and ce traces of a plane that were determined 
by the method given in Art. 5. Let f and /’ be two projec- 
tions of the point through which is to be passed a cutting 
plane parallel to that given by the tracesc dandce. Through 
the projection 7 draw a line  g at right angles to the trace c d, 
and draw a line} / parallel to the tracecd. Make the length 
of }h=77’. Through the point h draw a line h7 in such a 
position that the angle k is equal to the angle between the 
plane on which the trace cd is located and the plane defined 
by the traces cd andce. This is done in practice by laying 
off, with h as a vertex, the angle k’, which is equal to 90° 
diminished by the angle k. Through the intersection j of 
the line 7 with the line f g draw the trace c’ da’ parallel to 
the trace cd; through the intersection c’ of the trace c’ d’ 
with the axis ab draw the trace c’ e’ parallel to ce. The 
traces c’ d’ and c’ e’ are traces of the auxiliary plane making 
the given angles with the principal planes on which the traces 
are located, and the auxiliary plane passes through the point 
in space whose given projections are at 7 and 7’. 


8. When a cutting plane inclined to the three principal 
planes is to be passed through an object bounded by plane 
surfaces and projection drawings of the section are to be made, 
it becomes necessary to determine just where each edge of 
the object is intersected by the cutting plane. In the case 
of objects not having plane surfaces and no well-defined 
edges, the intersection of lines, drawn arbitrarily on the sur- 
faces of the body, with the cutting plane must be found. 

In practice, the problem, reduced to its simplest form, 
presents itself thus: Two projections of a line are given as 
well as the traces of the cutting plane on corresponding 
principal planes; find the two projections of the point where 
the line whose projections are given intersects the cutting 
plane whose traces are given. 
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The principle involved in the solution is illustrated in 
Fig. 10 (a), where ab is a straight line whose horizontal pro- 
jection a’ b’ and front projection a,b, are given. The plane 
cde is inclined to all three principal planes, as shown. 
Imagine an auxiliary plane f gh, perpendicular to the front 
plane, to be passed through the line ab. The front trace f g 
obviously contains the front projection a,b,. The horizontal 
trace gh, since the auxiliary plane f gh is perpendicular to 
the front plane, is perpendicular to the horizontal axis. The 
intersection of the cutting plane cde and the auxiliary plane 
7 gh is obviously the straight line 7 h drawn from the inter- 
section / of the two front traces to the intersection h of the 
two horizontal traces. Since the line ab in space lies partly 
in the auxiliary plane f gh, it is readily seen that it pierces 
the cutting plane in a point 7 situated on the line of inter- 
section fh of the two auxiliary planes. The horizontal pro- 
jection 2’ of the point 7 is the intersection of the horizontal 
projection }’ / of the line of intersection f with the horizontal 
projection a’ b’ of the line ab; the front projection 7, is the 
intersection of a plane perpendicular to the horizontal and 
front planes with the front projection a, >, of the line ab. 

Hence the following construction: On an actual drawing, 
the axis ab of two principal planes, the projections cd and 
c’ d’, and the traces ef and e g of a cutting plane are given, 
as shown in (b). To find the projections of the intersection 
of the line whose projections are given with the plane whose 
traces are given, produce one of the projections, as c’ d’ for 
instance, until it intersects the axis ab in h, and if necessary 
also produce it until it intersects the trace eg at j. Ath, 
draw a line hz perpendicular to the axis a b and intersecting 
the trace ej at z.. From the intersection 7 on the trace e g 
draw a line j k perpendicular to the axis a 6 and intersecting 
itink. Joink and7z by a straight line. The intersection /is 
the one projection of the point where the line whose pro- 
jections are given pierces the plane whose traces are given; 
to find the second projection, through the point / draw a line 
at right angles to the axis a b and intersecting the projection 
cd’ at l’, which intersection is the required second projection. 
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9. One of the three extreme cases of finding the inter- 

section of a line in space with an auxiliary or cutting plane 
inclined to the three principal planes is shown in Fig. 11 (a). 
Here the line whose two projections are given is parallel to 
both principal planes. Through one projection, as ab for 
instance, pass an auxiliary plane cde perpendicular to the 
plane on which ab is located; this plane cde is parallel to 
the plane on which the projection a’ b’ is located. Con- 
sequently, the intersection ce is parallel to the trace j g and 
hence the projection c’ e’ of the intersection is also parallel 
to the trace jg. The point c’ where c’ e’ intersects the axis 
is the projection of the point ¢ where the trace cd intersects 
the trace fi. The intersection 7 between c’ e’ and a’ D’ is 
the one projection of the point where the line in space inter- 
sects the plane whose traces are 7 g and fh; the second pro- 
jection is at 2’. 
' Hence the following contruction on the actual drawing: 
Referring to Fig. 11 (6), from the point a where the one pro- 
jection (or the one projection produced) intersects the one 
trace, draw a perpendicular to the axis, intersecting it at b. 
Through b draw bc parallel to the tracede. Project the point 
of intersection { with the given projection of the line to the 
second given projection; / and /’ are the required two 
projections. 


10. The second extreme case of finding the intersection 
of a line in space with a plane inclined to the three principal 
planes is presented in Fig. 12 (a). Here the line is parallel 
to one of the two given principal planes and perpendicular to 
the other; consequently, one projection is a point and the 
second projection is a line perpendicular to the axis. Through 
the line in space pass an auxiliary plane parallel to that 
principal plane on which the projection of the line in space 
appears as a line. The trace ab obviously passes through 
that projection of the line which appears as a point. The 
line in space intersects the plane def in a point on the line 
of intersection ac of the plane abc with the plane def. 
Obviously, the intersection g of the projection a’c’ of ac 
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with the projection / 7 is the’one projection of the point where 
the given line in space intersects the plane de/; the second 
projection of that point of intersection coincides with the 
second projection 2’ of the line in space, which is a point. 
Since the plane a b ¢ is parallel to the principal plane on which 
appears the projection h7z, the projection a’ c’ of the-inter- 
section ac is parallel to the trace de. 

Hence the construction illustrated in Fig. 12 (6). Through 
the projection a of the given line draw a line ab parallel to 
the axis and intersecting the trace cd at b. rom the inter- 
section 6 draw a perpendicular bj to the axis. Through f 
.draw the line j g parallel to the trace ce; its intersection h 
with the projection of the line is the one required projection, 
the point a being the second one, of the point in space 
where the given line pierces the plane defined by the 
traces ¢d and ce. 


11. The third extreme case of finding the intersection of 
a line in space with a cutting plane or an auxiliary plane 
inclined to the three planes of projection is presented in 
Fig. 13 (a). In this case the line is inclined to two, and 
parallel to the third, of the principal planes, and the two 
given projections of the line (the horizontal and front pro- 
jections in this instance) are perpendicular to the axis of the 
planes on which they are situated (the horizontal axis in this 
case). In Fig. 13 (a), let abc be the cutting plane and let 
def be an auxiliary plane containing the two given pro- 
jections gh and g’h’. The point z at which the line in space 
pierces the plane abc is in the line of intersection e} of the 
auxiliary plane def with the plane abc. Neither the hori- 
zontal projection de nor the front projection d} of the line 
of intersection ef intersects either the horizontal projec- 
tion gh or the front projection g’ hk’ of the given line; they 
coincide with the projections of the given line. However, 
if there is a side projection g, i, of the given line in space, a 
side projection e, /, of the line of intersection e 7 will intersect 
the side projection g, h, at 7,, which point is a side projection 
of the point ¢ where the line in space pierces the auxiliary 
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plane abc, From the side projection 7, of the point 7 its 
horizontal and front projections are easily determined, since 
it is known that these projections must be on gh and g’ I’. 
From the foregoing, the construction shown in Fig. 13 (0) 
should be plain: Produce the projections gh and g’h’ 
until they intersect the traces a b and ac in e and f, the third 
view g,h, having been previously drawn. Through e and jf 
draw projection lines to the axes of the plane on which the 
third view is located, intersecting these axes at e, and f,. 
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On the revolved axis 7k lay off je,=je,. Join e, and jf, by 
a straight line cutting the projection g,, at 1, Project the 
point 7, on to gh and g’ h’; the points 2’ and 2” are projections 
of the point where the line in space pierces the plane whose 
traces are ab and ac, on the given projections gh and g’ h’. 


12. Propiem 7. Sheet I—A hexagonal prism measur- 
ing 2 inches across flats and having a height of 3+ inches, with 
the ends at right angles to the center line, has its center line 
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perpendicular to the horizontal plane and one of the flats 
parallel to the front plane. The center line is 14 inches from 
the front and side planes, and the upper end of the prism is 
? inch from the horizontal plane. Through a point a, Fig. 14, 
of the vertical edge farthest from the side plane, which is at 
the right, and which point a is 1 inches below the hori- 
zontal plane, passes a cutting plane that makes an angle 
of 45° with the horizontal plane and of 60° with the front 
plane, the inclinations being in the directions shown in 
Fig. 14. Draw the horizontal, front, and side projections of 
the sections, the side plane being at the right of the front 
plane. 


SOLUTION.—Referring to the reduced copy of Sheet I, 
Exercise II, draw the three views of the prism as 1t appears 
before passing the cutting plane through it, locating the 
horizontal axis 3} inches from the upper border line and the 
vertical and side axes 3 inches from the right border line. 
Next, find the direction of the horizontal and front traces of 
the cutting plane, using the construction explained in Art. 6. 
The, center of the circle used in that construction may be 
located 24 inches from the left border line and have a diameter 
of 2inches. It should be remembered that these dimensions 
are given only to insure that the traces in this particular case 
will come within the border lines. To find the correct 
location of the traces, at the corner 2 of the plan view con- 
struct the right-angled triangle 2a, in which the side 2a 
is 1} inches long and the angle 2ba 45°, the side 2b being 
perpendicular to the horizontal trace previously found. 
Through the point b draw the horizontal trace cd parallel 
to the other one; through its intersection ¢ with the horizontal 
axis draw the front trace ce parallel to the front trace pre- 
viously found. This method of locating the traces was 
explained in Art. 7. To find where the lines defining the 
vertical edges of the prism in the front view pierce the cutting 
plane, use the method given in Art. 10. Having obtained 
the points of intersection 1’, 2’, etc. in the front view, draw 
the front section, joining 1’ and 2’, 2’ and 3’, etc. by straight 
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lines. The side section is readily projected from the front 
section by projecting the points of intersection 1’, 2’, etc. 
to the corresponding lines of the side view, and then drawing 
the straight lines 1, 2,, 2, 3,, etc. 
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18. Prosiem 8. Sheet II—A regular octagonal prism 
having a height of 3? inches and a width of 2 inches across 
the flat sides, with its ends at right angles to the center line, 
has the center line perpendicular to the horizontal plane and 
one of the sides parallel to the front plane, as shown in Fig. 15. 
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The center line of the prism is 1% inches from the front plane 
and 14 inches from the side plane, which is at the left of the 
front plane. The upper end of the prism is 5 inch from the 
horizontal plane. Through the point a, Fig. 15, which is 
1 inch from the horizontal plane, passes a cutting plane 
making angles of 60° with both the horizontal and front 
planes, in the direction clearly shown in the figure. Draw 
the horizontal, front, and side sections. 

Locate the horizontal axis 3} inches from the upper border 
line and the vertical and side axes 3{ inches from the left 
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border line. To insure that the traces of the plane parallel 
to the cutting plane will come within the border line, locate 
the center of the circle used in finding these traces 24 inches 
from the right border line and make the circle 2 inches in 
diameter. 
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14. ProBLEM 9. Sheet III—A pyramid whose base is 
a triangle with equal sides 2 inches long has a vertical height 
of 2} inches. The base is parallel to the horizontal plane 
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and 3 inches from it. One side of the base is parallel to the 
side plane and 1% inches from it. The corner of the base 
nearest the front plane is $ inch from it. Through the 
point a, Fig. 16, which is 2 inches from the horizontal plane, 
passes a cutting plane making an angle of 45° with the hori- 
zontal plane and of 60° with the front plane. Draw the 
horizontal, front, and side sections, the side plane being at 
the right of the front plane. 


SoLution.—Referring to the reduced copy of Sheet III, 
Exercise II, draw the horizontal axis 42 inches from the 
upper border line. Locate the vertical and side axes 2 
inches from the right border line, and draw the three views 
of the pyramid according to the dimensions given. Find 
the traces of an auxiliary plane parallel to the cutting 
plane by the method explained in Art. 5. The center of 
the circle used for this may be located 2+ inches from the 
left border line, and the circle may have a diameter of about 
2 inches. Next, lay off the point a on the front view 2 
inches from the horizontal axis and project it to the hort- 
zontal view 1—2 of the edge whose front view is 1’-2’. Now, 
by the method given in Art. 7, locate the horizontal and 
front traces of the cutting plane. Using the method explained 
in Art. 8, find the horizontal projections 6 and 7 of the 
points where the edges whose horizontal projections are 
marked 1-3 and 1-4 pierce the cutting plane. Project the 
points 6 and 7 to the front view; then project the points 
5’, 6’, and 7” to the side view. Complete the sections -by 
joining the points of intersection just found by straight lines. 

It will be noted that since the front projections of the edges 
whose horizontal projections are 1-3 and 1-4 coincide, the 
single line bc gives the projections 6 and 7 of the two points 
of intersection of the corresponding edges with the cutting 
plane. 


15. Prosiem 10. Sheet IV.—A pyramid has a square 
base with sides 2 inches long, and a vertical height of 32 inches. 
The apex of the pyramid is directly over the center of the 
base; the base of the pyramid is parallel to the horizontal 
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plane and 3} inches from it; two sides of the base are parallel 
to the front plane; the apex is 14 inches from the front plane 
and 12 inches from the side plane. Through the point a, 
Fig. 17, which is 2? inches below the horizontal plane, passes 


“ 
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a cutting plane making an angle of 60° with both the hori- 
zontal and front planes. Draw the three sections, the side 
plane being at the right of the front plane. 

: Locate the horizontal axis 34 inches from the upper border 
line and the vertical and side axes 32 inches from the right 
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border line. Locate the center of the circle used in finding 
the direction of the traces of the cutting plane 24 inches from 
the left border line and make the circle about 2 inches in 
diameter. 


CONIC AND OTHER SECTIONS 


EXERCISE Iilt 


16. The first three sheets of Exercise III contain prob- 
lems relating to sections of the cone. ‘ 

Any straight line drawn on the curved surface of a cone 
from the vertex to the ‘base is called an element of that 
cone. ‘The full view of the section of a right cone made by 
a cutting plane parallel to its base is a corcle; if the cutting 
plane passes through the vertex and the base of the cone, 
the section is a trzangle; if the cutting plane is at an oblique 
angle to the base, which angle is less than the angle made 
by tne elements of the cone with the base, the section is an 
ellipse or part of an ellipse; if the cutting plane is parallel to 
any line drawn on the convex surface of the cone from the 
base to the vertex—that is, parallel to any element of the 
cone—the section is a parabola; if the cutting plane is at any 
angle (but not passing through the vertex of the cone) greater 
than the angle which the elements of the cone make with 
the base, the section is an hyperbola. . 

In a right cone, the base is a circle and the center line of 
the cone not only passes through the center of the base but 
is also perpendicular to the base. When the center line of 
a cone is not perpendicular to its base, the cone is said to be 
scalene; such cones are frequently met in boiler and sheet- 
metal work. Sections of scalene cones are projected by the 
same methods followed in the case of regular cones. 


17. Propiem 11. Sheet I.—A right cone whose base 
has a diameter of 24 inches has a vertical height of 3 inches. 
Its base is parallel to the horizontal plane and 4 inches from 
it; the center of the base is 14 inches from the front plane. 
A cutting plane perpendicular to the front plane and making 
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an angle of 45° with the horizontal plane, in the direction 
shown in Fig. 18, passes through the cone, cutting its center 
line 143 inches above the base. Draw the horizontal and 
front sections, and a full view of the section. 


SoLtution.—Referring to the reduced copy of Sheet I, 
Exercise III, draw the horizontal axis 3; inches from the 
upper border line. Draw the horizontal and front projections 
of the cone, locating the center line 13 inches from the left 
border line; draw the front trace ab of the cutting plane so 


Fic. 18 


that it intersects the center line of the cone 148 inches from 
the base. In the horizontal view, divide the circle represent- 
ing the base into any convenient number of equal parts, 
preferably a number divisible by 4, beginning where a line 
passing through the vertex and perpendicular to the hori- 
zontal axis cuts the circle representing the base, that is, at 
either the point 5 or the point 11. Draw the horizontal 
projections 1-2, 1-3, 1-4, etc. of the elements. Although it is 
permissible to draw the elements at random and a mathe- 
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matically correct result is obtained by doing so, there will 
be a great reduction in the number of lines needed by locating 
them in the manner just described. Project the points of 
division 2, 3, 4, etc. to the front view of the base and draw 
the front projections 1’—2’, 1’-3’, 1’-4’, etc. of the elements, 
From the points of intersection of the front projections of 
the elements with the front trace ab, draw projection lines 
to the corresponding horizontal projections of the elements. 
Since the horizontal and front projections of the elements, 
1-5, 1-11, 1’—6’, and 1’-11’, are in the same straight line, 
the projections of intersection of the cutting plane with these 
projections of the elements cannot be obtained from the 
horizontal and front views, and a side view must be drawn. 
The vertical and side axes may be located 2% inches from the 
left border line. From the front view project the intersection 
of the front trace ab with the front projections 1/’—5’ and 
1’-11’, which two projections coincide, to the side view, thus 
obtaining the intersections 17, and 23,, which, in turn are 
projected to the horizontal view. Through the points 
14, 15, 16, etc. draw the elliptical outline of the section, 
omitting sectioning. 

For obtaining the full view, an auxiliary plane may be 
located in any convenient position, and 1t may be turned on 
either trace, say as shown. Since the drawing of full views 
has been previously explained at great length, no directions 
for doing so will be given here. 


Pros_emM 12.—A scalene cone has a circular base 27; inches 
in diameter, and a vertical height of 3 inches. Its vertex is 
at a distance of 12 inches from a line passing through the 
center of the base and perpendicular to it. The base of the 
cone is parallel to the horizontal plane and 4 inches from it; 
a line joining the vertex and the center of the base is parallel 
to the front plane and 14 inches from it. A cutting plane 
perpendicular to the front plane and making an angle of 30° 
with the horizontal plane, in the direction shown in Fig. 19, 
passes through the cone, cutting the line joining the 
center of the base and the vertex at a point 1 inch from 


AaqUnN’ pun ‘s4ayaT SSDID ‘quapnys fo auD AT aod 


Oy e/qGO4y /[ LY GOA 


] 4224S 9 1D q ‘U019aL0LT JDINIDIT [II 9S1948x 


§ 19 PRACTICAL PROJECTION 193 


the center of the base. Draw the horizontal and front sec- 
tions, and a full view of the section, turning the auxiliary 
plane on its front trace. Omit sectioning the sections. 

Locate the horizontal axis 3%; inches from the upper border 
line; locate the center of the base 4 inches from the right 
border line; draw the horizontal trace of the auxiliary plane 
246 inches from the right border line. 

18. Prosiem 13. Sheet II.—A right cone whose base 
has a diameter of 255 inches and whose vertical height is 


a 


3 inches has its base parallel to the horizontal plane and 
32 inches from that plane. The center line of the cone is 
14 inches from the front plane and 14 inches from the side 
plane. A cutting plane parallel to the side plane passes 
through the cone, as shown in Fig. 20, at a distance of } inch 
from the center line of the cone. Draw the horizontal, front, 
and side views of the cone, showing the sections, the side 
plane being at the right of the front plane. Omit sectioning 


the full view of the section. 
154—48 
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Locate the horizontal axis 3% inches from the upper border 
line and the vertical and side axes 244 inches from the left 
border line. 


ProBLEM 14.—Draw the horizontal, front, and side views, 
and the sections of the same cone given in Problem 13, and 
which occupies the same position in reference to the principal 
planes, the cutting plane being parallel to the side plane and 
4 inch from the center line of the cone. The side plane is 
at the right of the front plane. Omit sectioning the full 
view of the section. 
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Locate the horizontal axis 33 inches from the upper border 
line and the vertical and side axes 24% inches from the right 
border line. 


19. Prosiem 15. Sheet III.—A right cone whose base 
has a diameter of 24 inches has a vertical height of 3 inches. 
The base is parallel to the horizontal plane and at a distance 
of 44 inches from it. The center line of the cone is 1} inches 
from the front plane and 1} inches from the side plane. A 
cutting plane, parallel to a plane tangent to the convex 
surface of the cone and perpendicular to the front plane, 
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passes through the cone, its direction being shown in Fig. 21. 
As an inspection of this figure will show, the front trace of 
the cutting plane is parallel to the line a b of the front view. 
The cutting plane intersects the center line of the cone 
144 inches from the base. Draw the horizontal, front, and 
side views, and the sections of the cone; also a full view of the 
section. The side plane is at the right of the front plane. 
Omit sectioning the sections. 

Locate the horizontal axis 37% inches from the upper border 
line; locate the vertical and side axes 3? inches from the left 


A 
\X 
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border line. The horizontal trace of the auxiliary plane 
used for the full view may be located 4} inches from the right 
border line. 


20. The same principle that is employed for finding 
sections of cones, that is, finding the intersections with the 
cutting plane of elements drawn on the curved surface, is 
made use of to find sections of other solids having regularly 
or irregularly curved surfaces intersected by a cutting plane. 
Such a solid, which is of frequent occurrence in sheet-metal 
work, is the transition piece shown in Fig. 22 (a), which, when 
of the form shown, is used to connect a rectangular opening 
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to around one smaller in size. This particular form of transi- 
tion piece has four triangular plane surfaces, asabcandcde, 
joined by four conical surfaces, as acd for instance. . 
When drawing elements on the surface of solids in which 
plane surfaces are joined by curved ones, the lines of junction 


(a) 


(© 
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of such surfaces, as the lines a b, ac, cd, and de in Fig. 22 (a) 
for instance, are taken as some of the elements. The curved 
surfaces between the lines of junction are then subdivided 
by such other number of elements as is dictated by judgment. 
No elements need to be drawn on the plane surfaces inter- 
sected by the cutting plane. 
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When drawing elements on curved surfaces, care must be 
taken to locate them in such a position that each element is 
a straight line. 


21. Prosiem 16. Sheet IV.—A transition piece having 
the dimensions given in Fig. 22 (b), in which figure the fine 
solid lines denote the junction of the curved and plane sur- 
faces, has its base parallel to the horizontal plane and two 
edges parallel to the front plane, as indicated in Fig. 22 (c). 
The base is 24 inches from the 
horizontal plane, and the center 
line is 24 inches from the front 
plane. A cutting plane parallel 
to the horizontal plane passes 
through the object inch above « 
its base. Draw the horizontal 
section, omitting section lining. 

Locate the horizontal axis 
5 inches from the upper border , 
line and the center line 3inches «+ 4 ~ 
from the left border line. 


ke 


ProBLeM 17.—An eccentric 
transition piece having a square 
base with rounded corners and 
a circular top, has the dimen- 
sions given in Fig. 23. The 
fine solid lines in that figure 
denote the junction of the 
plane and curved surfaces. The base is parallel to the hori- 
zontal plane and 23 inches from it. The center line ab is 
24 inches from the front plane. A cutting plane parallel 
to the horizontal plane passes through the object 1 inch 
above its base. Draw the horizontal section, omitting 
section lining. 


Locate the horizontal axis 5 inches from the upper border 
line and the center line c d 24 inches from the right border line. 


PRACTICAL PROJECTION 


(PART 6) 


PROJECTION OF INTERSECTIONS 


INTERSECTION OF PLANE SURFACES 


EXERCISE I 


1. To represent properly the intersections of the surfaces 
of solids—or to ‘“‘draw the miter line,” as it is commonly 
called—is the last process of projection used before the pat- 
terns for any sheet-metal work may be developed, or the pro- 
jection drawings of intersecting solids may be completed. 
It has already been remarked that plane surfaces intersect 
in a line; the representation of the intersection of plane sur- 
faces is therefore a very simple process, the draftsman merely 
having to define each surface by the application of the regular 
projection methods already explained. The intersection of 
curved surfaces, or of plane and curved surfaces, is appar- 
ently more complicated, but only because it is necessary to 
locate more points than are required for the intersection of 
plane surfaces. The location of points for the representa- 
tion of the intersection of curved surfaces is done in a man- 
ner somewhat similar to that already shown in connectioa 
with the projection of plane surfaces having curved outlines. 
There is, however, this important difference to be observed: 
in the case of the plane surfaces with curved outlines, their 
projection is accomplished by means of points located on 
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their outlines; and in the case of the intersection of plane and 
curved surfaces, or curved surfaces, it is necessary to locate 
lines in such positions on each surface that they will lie in 
the same plane, although drawn on different surfaces. This 
is done in practice by passing cutting planes in any con- 
venient direction through the two intersecting solids, and find- 
ing a partial or complete outline of the section corresponding 
to each cutting plane. Then, the points where the outlines 
of the section of each of the intersecting solids intersect, 
determined on each cutting plane, are points on the miter 
line of the two intersecting curved surfaces. 

No drawing of an object in which intersected solids are 
represented is complete unless the line of intersection is accu- 
rately projected. This is a very im- 
portant part of the drawing, since the 
correctness of the pattern in work of 
this class depends entirely on the ac- 
curacy with which the line of inter- 
section is drawn. 


2. Prospieml. Sheet I—A square 
and a hexagonal prism, having the 
dimensions given in Fig. 1, intersect as 
shown. The center lines of the two 
prisms intersect midway between the 
ends of the square prism, and are at 
right angles. Draw a top, a front, and a side view, the side 
plane being at the right of the front plane. The center line of 
the square prism is parallel to the front plane; the plane end 
surface of the hexagonal prism is parallel to the side plane. 
The center lines intersect midway between the ends of the 
square prism. The two ends of the square prism and the 
free end of the hexagonal prism are at right angles to their 
axes. 


SoLtutTion.—Referring to the reduced copy of Sheet I, 
Exercise I, in any convenient location, say 3,3; inches from 
the left border line and 3} inches from the upper border line, 
draw the vertical and side axes and the horizontal axis. 
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In any convenient location in reference to the front and side 
planes, say 14 inches from the horizontal axis and 14 inches 
from the side axis, locate the horizontal projection a of the 
center line of the square prism and draw the top view of that 
prism. Locate the side projection of the center line on the 
side plane and draw the side view of the square prism with 
its upper end at any convenient distance from the horizontal 
plane, say ? inch. Draw the side view of the hexagonal 
prism and from this project its top view. Then, the inter- 
section of the horizontal projections 1-1’, 2-2’, etc. of the 
edges of the hexagonal prism with those two vertical sides 
of the square prism that are intersected, are the horizontal 
projections of corners of the miter line. 

Draw the front view of the square 
prism and from the side view project 
across the front projections of the 
edges of the hexagonal prism. From 
the top view project downwards the 
intersections 2’, 3’, 5’, 6’ on the front 
projections of the edges of the hexag- 
onal prism, thus obtaining the cor- 
ners 2,, 34, 0,, 6, of the miter line. The 
corners 1, and 4, of the miter line are 
given by the intersection of the front 
projections 1-1, and 4-4, with the front 
projection of the right-hand vertical edge of the square prism. 
Join the corners 1, and 6,, 6, and 4,, and 45, and 4, by straight 
lines, thus completing the drawing. The miter line in this 
case 1s formed by straight lines, because it represents the 
intersections of several plane surfaces, the intersection of two 
plane surfaces always being a straight line; consequently, the 
projections of the intersection are straight lines or a point, 
depending on their position in reference to the planes of 
projection. 


PROBLEM 2.—A hexagonal prism and a pentagonal prism, 
having the dimensions given in Fig. 2, intersect in the man- 
ner shown. The center lines of the two prisms intersect 
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midway between the ends of the hexagonal prism and are at 
right angles. Draw a top, a front, and a side view, the side 
plane being at the right of the front plane. The end surface 
of the pentagonal prism is parallel to the side plane; the cen- 
ter line of the hexagonal prism is perpendicular to the hori- 
zontal plane. The two ends of the hexagonal prism and the 
free end of the pentagonal prism are at right angles to 
their axes. 

Locate the horizontal axis 23 inches from the upper border 
line and the vertical and side axes 27% inches from the right 
border line. Locate the horizontal projection of the center 
line of the hexagonal prism #3 inch from the front plane 
and 1,3 inches from the side plane; draw the front view of the 
hexagonal prism so that its upper 
end is 14 inches from the hori- 
zontal plane. 


3. The method of finding the 
miter line of intersecting solids 
bounded by plane surfaces, when 
the center lines of the solids are 
not at right angles and do not 
intersect, isno different from that 
employed for solving Problems 1 
and 2, except that usually with 
at least one of the intersecting solids the exact location of 
the projections of its edges must be determined from a full 
view drawn on an auxiliary plane turned on one of its traces. 
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4, Propiem 3. Sheet Il—A hexagonal prism and an 
octagonal prism having the dimensions given in Fig. 3 inter- 
sect in such a manner that the center line of the octagonal 
prism makes an angle of 30° with the base of the hexagonal 
prism, the two end surfaces of this prism being at right angles 
to its body. The free end of the octagonal prism is at right 
angles to its axis. The center line of the octagonal prism is 
7s Inch to one side of the center line of the hexagonal prism, 
and intersects one side of the hexagonal prism 14 inches 
from its base. Draw a top, a front, and a side view, the side 
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plane being at the right of the front plane, locating the prisms 
in such a manner that the center line of the hexagonal prism 
is perpendicular to the horizontal plane, and that the center 
line of the octagonal prism is in a plane parallel to the front 
plane. 


SoLuTION.—Referring to the reduced copy of Sheet II, 
Exercise I, in any convenient location, say 334 inches from 
the upper border line, draw the horizontal axis, and about 
3tg inches from the right border line draw the vertical and 
side axes. About 4, inches from the side axis and 1, inches 
from the horizontal axis, locate the horizontal projection of 
the center line of the hexagonal prism; draw the horizontal 
and front projections of the hexagonal prism, locating the 
front projection of its upper end 4 inch from the horizontal 
axis. On the front projection lay off the point a 14 inches 
from the base of the prism and draw the front projection of 
the center line of the octagonal prism. At any convenient 
distance from the center of the horizontal view, say 14 inches, 
draw the horizontal trace of an auxiliary plane on which is 
to be located the full view of the end of the octagonal prism. 
Draw the front trace of the auxiliary plane at right angles 
to the front projection of the center line of the octagonal 
prism; also, draw the revolved horizontal trace at right 
angles to the front trace. Draw the horizontal projection b ¢ 
of the center line of the octagonal prism 3% inch from the 
center of the top view of the hexagonal prism. Transfer 
the intersection of the line b¢ with the horizontal trace to 
the revolved horizontal trace and draw a straight line parallel 
to the front trace to intersect at d the front projection of the 
center line of the octagonal prism; the point d is the center 
of the full view of the end of that prism, and has been located 
in correct relation to the horizontal and front projections 
of its center line. Draw the full view and from it project 
across the front trace lines containing the front projections 
of the edges of the octagonal prism. By projecting first 
to the revolved horizontal trace, and by transfer to the 
horizontal trace, find the correct position of the horizontal 
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projections of the edges of the prism. Draw the front pro- 
jection of the end of the octagonal prism and from this 
projection determine the horizontal projection of the end 
surface. Next, by projecting downwards the points 1’, 2’, 3’, 
ete. find the corners 1,, 2,, 3,, etc. of the miter line and draw 
the miter line. 

The side view of the two intersecting solids, including the 
side view of the miter line, is readily found by projecting 
corresponding points from the horizontal and front views. 


5. Proprem 4. Sheet III—A regular twelve-sided 
prism with ends at right angles to its center line is intersected 
by a regular octagonal 
prism in such a manner il) 


that the two center lines 
intersect and that the 
center line of the octag- 
onal prism makes an 
angle of 45° with the 
base of the twelve-sided 
prism. The cénter line 
of the octagonal prism 
intersects the middle of 
one of the sides of the 
other prism at a point 
123 inches above its Fic. 4 

base. The dimensions of the two prisms are given in Fig. 4. 
The center line of the twelve-sided prism is perpendicular to 
the horizontal plane and 12 inches from the front plane; its 
distance from the side plane is 443 inches. The center line 
of the octagonal prism is in a plane parallel to the front 
plane. The upper end of the twelve-sided prism is § inch from 
the horizontal plane. Draw a top, a front, and a side view, 
the side plane being at the right of the front plane. The 
ends of the large prism and the free end of the small prism 
are at right angles to their axes. Locate the horizontal axis 
3; inches from the upper border line and the vertical and 
side axes 33 inches from the right border line. 

154—49 
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6. It often occurs that solids intersect in such a manner 
that projection drawings of them cannot be made without 
having some of the lines defining one of the solids, or perhaps 
some lines of all the solids, inclined to all the principal planes. 
A case illustrating this is shown in Fig. 5, where a rectangular 
horizontal beam a is intersected by another rectangular 
beam b which is inclined to the horizontal, the front, and the 
side planes. The particular case illustrated occurs quite 
frequently in the construction of roofs for buildings. 

When the solid inclined to the three principal planes, as 
the beam b in Fig. 5, is to be projected so that it will conform 
to given dimensions, it will be noticed that, since some of the 

: different lines are foreshortened, 
some dimensions cannot be laid 
off directly. 


7. The principle involved in 
locating a point in reference to | 
a line inclined to the three prin- 
cipal planes is illustrated in Fig. 
6, the case selected being the 
one most frequently occurring 
in practice, which is that the 
plane containing the point and 
the line in space is perpendicu- 
lar to one of the principal planes. 

Referring to Fig. 6 (a), let ab be a line in space whose pro- 
jections are the lines ab’ and a,b,, the horizontal plane for 
the sake of clearness being shown as passing through the 
upper end a of the line. Turn the plane that may be con- 
ceived to be bounded by bb’, ab, and ab’ around its trace 
ab’, which is also a projection of ab, until it is in the hori- 
zontal plane, as indicated by the triangle ab’c’. In this 
triangle the angle between ab’ and b’c’ is a right angle; 
the side 6’ c’ is equal to the length of the projection b, ¢ of 
the projector 6 b’, and ac’ is the true length of the line ab. 
Now, on the plane containing ab’ c’ lay off the point d at 
the given distance from the line ac’; this point d is the per- 
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pendicular distance dd’ from the line ab’. Now turn the 
plane of ab’ c’, extended to take in the point d, around its 
trace ab’ until it is perpendicular to the horizontal plane, 
when ac’ will coincide with ab. The line d’ d, which is per- 


ra Tat 1 
Pi 


/ | > 


pendicular to ab’, now occupies the position d’d, in space 
and is perpendicular to the horizontal plane, so that at d’ 
is located the horizontal projection of the point d,. The 
front projection will be at d,, on the front trace of a plane per- 
pendicular to the front and horizontal planes, and a distance 
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d’d below the horizontal plane passed through the upper 
end of the line in space. 

Hence the following construction: Referring to Fig. 6 (0), 
through some convenient point of one projection draw a line 
ab parallel to the axis. Choose some convenient point on 
the same projection, as c, and project a and c to the second 
projection. At c’ erect a perpendicular c’d, making its 
length equal to cd’. Draw a’d. Now lay off the point e 
in reference to the line a’ d; draw the line ef perpendicular 
to the projection a’c’. From f draw a projection line into 
the plane containing the projection ac; on this projection 
line, measuring from the line ab, lay off ge’ equal to fe. 
The point e’ is then the one projection of the point e, and f 
is the second projection. 

It will be plain that by locating two points in reference to 
the line shown in its true length, as ac’ in Fig. 6 (a), a straight 
line can be located at a given distance and angle in reference 
to it. 


8. Prospiem 5. Sheet IV.—A rectangular and horizon- 
talebeam, 2s @un Pigs, is 34% inches long, 25 inches deen, 
and 4 inch wide. It is intersected by another beam, as b in 
the same illustration, in such a manner that both the hori- 
zontal and front projections of the longitudinal edges of the 
beam make an angle of 60° with the horizontal axis, in the 
direction a study of the illustration will indicate. This 
second beam has a width of 1 inch and a depth of 14 inches. 
The surface marked 6 in the illustration is in a plane perpen- 
dicular to the horizontal plane and inclined to the front 
plane. The lower end of the beam b is cut off so that it is 
horizontal, its plane being 3y; inches below the plane of the 
top of the beam a. The edge formed by the junction of the 
surfaces b and c¢ intersects the beam a 3; inch below the top 
and 1 inch to the right of the left end of the beam. Drawa 
horizontal and front projection, and determine the angles 
d,.@, and f; 


SOLUTION.—Referring to the reduced copy of Sheet IV, 
Exercise I, draw the horizontal and front projections of the 
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horizontal beam, locating the horizontal projection } inch 
from the left and upper border lines and the upper edge of 
the front projection 4,3, inches from the upper border line. 
On the horizontal and front projections locate the point 
where the edge formed by the junction of the surfaces ) and 
c, Fig. 5, meets the horizontal beam, and draw the two pro- 
jections of the edge ¢ at an angle of 60° to the horizontal axis. 
To find the length of the projections of the edge c, in the front 
view draw the front projection of the bottom end at the given 
distance from the upper surface of the horizontal beam, 
and project the intersection to the horizontal view. In the 
horizontal view lay off the width of the inclined beam, which 
is 1 inch; since this dimension is parallel to the horizontal 
plane, it shows in its true length and can be laid off directly. 
Complete the horizontal view. Since the vertical sides of 
the inclined beam are perpendicular to the horizontal plane, 
the projections of its top and bottom edges coincide.. From 
the horizontal view project the front projection of the second 
upper edge and draw the line of intersection of the upper 
surface of the inclined beam with the horizontal beam. The 
front projection shows the depth of the beam; as this depth 
shows foreshortened, it must be laid off in the manner described 
in connection with Fig. 6. The front projection of the lower 
edges of the inclined beam having been drawn, complete 
the front view by drawing the complete miter line. 

The angles d, e, and j may be found by drawing a full view 
of the respective surfaces; it is usually a good deal easier, 
however, to find these angles by triangulation. Thus, to 
find the angle d, draw in the front projection a straight line 
1—2 in any convenient direction and project this line to the 
horizontal view, thus obtaining two projections of the tri- 
angle 1-2-3. By the application of the principle of finding 
the true length of lines, find the true length of each side 
of the triangle, and with the true lengths of the sides con- 
struct the triangle 1-2-3, as indicated in the upper right-hand 
corner of the reduced copy of the sheet containing the solu- 
tion of the problem under discussion. Proceed in the same 
manner to find the angles e and f. 
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INTERSECTION OF PLANE AND CURVED 
SURFACES 


EXERCISE II 


9. The principle involved in finding the miter line of 
intersecting solids when one is bounded by plane surfaces 
and the other by curved surfaces has already been briefly 
stated in Art 1, and will now be explained more in detail. 

In Fig. 7 is shown a hexagonal prism intersected by a 
cylinder, the center line of the cylinder being inclined in 


ites of 


respect to’ the center line of the prism. It should be dis- 
tinctly understood that the principle involved in finding the 
miter line is the same whether the center lines of the two 
solids are at right angles or not, or whether the center lines 
intersect or do not intersect. 

Through the cylinder, and tangent to the cylinder if deemed 
advisable, in any convenient direction pass a convenient 


216 PRACTICAL PROJECTION § 19 


number of cutting planes, as A, B, C, D, and iE. These 
cutting planes, when the shape of the solids permits this, 
should be taken in such a manner that the intersections of 
each cutting plane with the curved surface cut by it are two 
straight lines, both of which preferably should be parallel 
to one of the principal planes of projection. Thus, the cut- 
ting plane B (and all other cutting planes in the figure) has 
been taken parallel to the center line of the cylinder; and 
the prism being perpendicular to the horizontal plane, with 
the center line of the cylinder in a plane parallel to the front 
plane, the cutting plane B has also been taken parallel to 
the front plane. This insures that its intersections ab and 
a’ b’ with the cylinder are straight lines; it further insures 
that both intersections will be parallel to the front plane. 
Examination of the illustration shows that the cutting plane B 
intersects the surface F of the prism in the line cc’. Obvi- 
ously, the points of intersection a and a’ of the lines ab and 
a’ b’ with the line ¢ c’ are two points on the miter line. 

In the case of the plane A tangent to the cylinder, the 
line d e is its line of tangency and the line f /’ its intersection 
with the surface F; the intersection d of the line d e with the 
line f f’ is a point on the miter line. 

When projection drawings of intersecting solids, the one 
bounded by plane surfaces and the other by curved sur- 
faces, are to be made, it is usually advisable to so locate the 
views that the center line of the one solid will be perpen- 
dicular to one of the principal planes, and the center line of 
the other solid will be in a plane perpendicular to the same 
principal plane and parallel to another principal plane. 
When thus placed, the work of finding the miter line is greatly 
simplified; in fact, the solution of the problem becomes almost 
identical with that of Problems 1 to 4, differing only in that 
the miter line is a curve or composed of a series of curves. 


10. Prositem 6. Sheet I.—A regular hexagonal prism 
measuring 2 inches across the sides and having a height of 
y inches, with its ends at right angles to its center line, is 
intersected by a cylinder 1% inches in diameter whose center 
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line is inclined 30° with the base of the prism, in the direction 
shown in Fig. 7. The center line of the cylinder intersects 
one of the sides of the prism 14 inches from its base, and is 
in a plane perpendicular to that flat side of the prism which 
it intersects. The vertical plane in which the center line of 
the cylinder is located is # inch in front of the center line 
of the prism. From the point where the center line of thé 
cylinder pierces the flat surface of the prism, to the end of 
the cylinder, is 1:4, inches, the end being at right angles to 
tie cenper line. 

With the center line of the prism perpendicular to the hort- 
zontal plane, and the center line of the cylinder in a plane 
parallel to the front plane, draw a top, a front, and a side 
view, the side plane being at the right of the front plane. 


SoLuTION.—Referring to the reduced copy of Sheet I, 
Exercise I], draw the horizontal axis in any convenient 
location, say 37; inches from the upper border line. Draw 
the vertical and side axes 41 inches from the right border 
line. In the horizontal plane locate the projection of the 
center line of the prism, which projection is a point, in any 
convenient place, say 342 inches from the side axis and 
1%; inches from the horizontal axis. Draw the top and 
front views of the prism, locating the top view at any con- 
venient distance from the horizontal axis, say 4 inch. On 
the horizontal plane now draw the horizontal projection ab 
of the center line of the cylinder. In any convenient place, 
say 21% inches from the side axis,-draw the horizontal trace 
of an auxilary plane on which to draw the full view of the 
end of the cylinder. Draw the front trace at an angle of 
120° with the horizontal axis, and draw the revolved hori- 
zontal trace. On the front view lay off the point c 14 inches 
above the base, and, at an angle of 30° with the base, or at 
right angles to the front trace, draw the front projection 
of the center line of the cylinder. By projecting from the 
top view find the correct location of the center of the full 
view of the end of the cylinder, and draw the circle represent- 
ing it. Beginning at either one of the points marked 1, 4, 7, 
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or 10, divide the circle into a number of equal parts, prefer- 
ably a number divisible by 4, say 12. Then, through the 
points 1 and 7, 2 and 6, 3 and 4, etc., it is possible to pass 
cutting planes parallel to the front plane. By projecting 
across the front trace, the front projections of the intersec- 
tions of these cutting planes with the cylinder are obtained. 
By projecting the points 1, 2, 3, etc. of the full view to the 
revolved horizontal trace, and by transfer to the horizontal 
trace, the location of a point of each horizontal projection 
of the intersections of each cutting plane with the cylinder 
is given. Since the cutting planes were taken parallel to the 
front plane, the horizontal projections of their intersections 
with the cylinder are parallel to the horizontal axis, and 
should now be thus drawn. Next, the intersections 1’, 2’, etc. 
are projected downwards to meet the horizontal projections 
of the intersections of the cutting planes with the cylinder, 
thus obtaining the points 1,, 2,, 3,, etc., which are points on 
the miter line. 

It will be observed in the top view, and also by consulting 
Fig 7, that one edge of the prism is intersected by the cylin- 
der. To obtain, on the miter line, its two intersections, 
project the horizontal projection of the edge, marked 13’-14’, 
to the horizontal trace and transfer this projection to the 
revolved horizontal trace; then project to the full view, thus 
obtaining the points 13 and 14. Project 13 and 14 across to 
the front view to meet the front view of the edge under dis- 
cussion, thus obtaining the points 13, and 14, of the miter 
line. By means of an irregular curve, the curved part of 
the miter line that appears in the front view can now be 
traced. 

By projecting from the full view and the front view the 
horizontal view of the end of the cylinder is easily deter- 
mined. No special directions are needed for drawing the 
side view, this being. simply a case of projecting one point 
after another from the horizontal and front views. 


11. Prospiem 7. Sheet II.—A regular twelve-sided 
prism, inscribed in a circle 2} inches in diameter, having a 
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height of 3% inches is intersected by a cylinder having a 
diameter of 23 inches. The two center lines intersect 2 inch 
above the base of the prism; the center line of the cylinder 
passes through one edge of the prism and makes an angle 
of 45° with the base of the prism, in the direction shown in 
Fig. 8. Both the top and the base of the prism are at right 
angles to its center line; 
the free end of the cylin- 7 
der is at right angles to 
its center line and at a 
distance of 1,7; inches 
from the point where the 
center line of the cylinder 
intersects one edge of the 
prism. Draw a top, a 
front, and a side view, 
the side plane being at 
ieGe tight of the front 
plane. Make the projec- 
tions so that the two cen- 
ter lines will be in a plane parallel to the front plane and at 
a distance of 12 inches from it. The center line of the prism 
is perpendicular to the horizontal plane. Locate the top of 
the pristn } inch from the horizontal plane. 

Locate the horizontal axis 33; inches from the upper 
border line and the vertical and side axes 3} inches from 
the right border line. Locate the horizontal projection of 
the center line of the prism 4% inches from the side axis, 


33" 


Mt 


INTERSECTION OF CURVED SURFACES 


EXERCISE III 
12. The solution of the problem of finding the intersec- 
tion of two cylinders does not differ in any particular from 


finding the intersection of a prism and cylinder, the prin- 
ciple illustrated by the aid of Fig. 7 being employed. 
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There is a special case of intersection of cylinders that is 
of very frequent occurrence in practice, in which the miter 
line rarely needs to be found point by point; this case is the 
intersection of cylinders of equal diameter and with inter- 
secting center lines. With such cylinders the miter line is 
a straight line bisecting the angle between the cylinders, 
in any view in which the center lines of the cylinders are in 
a plane parallel to the plane of projection. 


Fic. 9 


Some examples of frequent occurrence in sheet-metal work 
are shown in Fig. 9, the ones in (a) and (b) being pipe elbows; 
the one in (c) is a Y fitting, and the one in (d) aT. 

It may be remarked here that when similar moldings inter- 
sect, or miter, and like parts meet like parts, the miter line 
will be a straight line bisecting the angle between adjacent 
pieces of molding, in any view in which the true length of 
all members of such moldings will be shown. 


13. Propiem 8. Sheet I—A cylinder 24 inches in 
diameter and 3{ inches high is intersected by a cylinder 
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13 inches in diameter; the center lines of the two cylinders 
intersect. The ends of the large cylinder are at right angles 
to its center line; the free end of the small cylinder is at right 
angles to its center line. The center line of the small cylin- 
der makes an angle of 30° with the base of the large cylinder 
and passes through the curved surface of the large cylinder 

4 inches above the base. The distance from the point where 
the center line of the small cylinder intersects the surface 
of the large cylinder to the free end of the small cylinder is 
1 inch. Draw a front, a top, and a side view, the side plane 
being at the right of the front plane; draw these views with 
the center lines in a plane parallel to the front plane and the 
center line of the large cylinder perpendicular to the hori- 
zontal plane. 


SOLUTION.—Referring to the reduced copy of Sheet I, 
Exercise III, in any convenient position, say 3% inches from 
the upper border line, draw the horizontal axis, and about 
343 inches from the right border line draw the vertical and 
side axes. In any convenient place on the horizontal plane, 
say 45 inches from the side axis and 13 inches from the hori- 
zontal axis, locate the horizontal projection a of the center 
line of the large cylinder and draw the top view of the large 
cylinder. Draw the front view of the large cylinder at any 
convenient distance from the horizontal axis, say 4 inch. 
Through the point a and parallel to the horizontal axis draw 
the horizontal projection ab of the center line of the small 
cylinder. At any convenient distance from the side axis, 
say 3{ inches, draw tne horizontal trace of an auxiliary plane 
on which is to be located the full end view of the small cylin- 
der; at an angle of 60° to the horizontal axis draw the front 
trace of the auxiliary plane, and at right angles to the front 
trace draw the revolved horizontal trace. Now draw the 
front projection of the center line of the small cylinder so 
that it intersects the large cylinder 14 inches from its base, 
extending this projection well into the auxiliary plane. 
Transfer the intersection of the projection ab with the hori- 
zontal trace to the revolved horizontal trace, and project to 
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the front projection of the center line of the small cylinder 
to get the intersection c; with c as a center, draw the full end 
view of the small cylinder. Beginning at either one of the 
points marked 1, 4, 7, or 10, divide the circumference of the 
full end view into any convenient number of equal parts, 
preferably a number divisible by 4, say 12. Then, through 
the points 7 and 7, 2 and 6, etc. pass cutting planes parallel 
to the front plane and draw both the front projections and 
horizontal projections of the intersections of these cutting 
planes with the small cylinder; the horizontal projections 
intersect the horizontal projection of the large cylinder at 1’, 
2’, 3’, etc. From 1’, 2’, 3’, etc. draw projection lines into the 
front plane to cut the front projections of the intersections 
of the cutting planes with the small cylinder, thus establish- 
ing the points 7, 2, 3,, etc. of the miter line. With an 
irregular curve trace the front projection of the miter line. 
Complete the front view of the small cylinder. 

From the full end view and the front view draw the hori- 
zontal projection of the free end of the small cylinder; by 
projecting from the completed horizontal and front views, 
draw the required side view. 


14. Propitem 9. Sheet II.—A cylinder 2} inches in 
diameter and 31 inches high is intersected by a cylinder 
2 inches in diameter at an angle of 30° with the base of the 
large cylinder, whose two ends are at right angles to its center 
line. The center line of the small cylinder pierces the large 
cylinder 14 inches from the base. The center lines of the 
two cylinders do not intersect; they pass each other at a 
distance of } inch. The free end of the small cylinder is at 
right angles to its center line and is 1, inches from the point 
where the center line pierces the surface of the large cylinder. 
Draw a front, a horizontal, and a side view, the side plane 
being at the right of the front plane. Draw the views so that 
the center line of the large cylinder is perpendicular to the 
horizontal plane and the center line of the small cylinder is 
in a plane parallel to the front plane, and nearer the front 


plane than the center line of the large cylinder. The small 
15450 
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cylinder is at the right of the large cylinder, and inclines 
downwards toward the base of the large cylinder. 

Locate the horizontal axis 33 inches from the upper border 
line and the vertical and side axes 348 inches from the right 
border line. Locate the center line of the large cylinder 
4% inches from the side plane and 12 inches from the front 
plane. Locate the upper end of the large cylinder 4 inch 
from the horizontal plane. Draw the horizontal trace of the 


auxiliary plane 3} inches from the side axis. 


15. The solution of the problem of finding the miter line 
of intersecting cones, irrespective of whether their center 
lines intersect or not, does not differ essentially from the 
solution employed in finding the miter line of intersecting 
cylinders. As indicated in Fig. 10, a convenient number of 
cutting planes are passed through the two cones in any con- 
venient direction. In the case illustrated, the cutting planes 
were taken parallel to the base of the large cone, in which 
case a full view of each section of the large cone, this being 
a right cone,,is part of a circle. In the illustration, the 
cutting planes are indicated by their intersections a, }, c, 
and d with the large cone and e, f, g, # with the small cone. 
Full views of the intersections of the cutting planes with the 
small cone in this particular case are parts of ellipses. The 
points 2, 7, k, and 1, which are junctions of the outlines of the 
corresponding sections of the large and small cones, are points 
on the miter line. 

As previously stated, the cutting planes may be taken in 
any convenient direction, and they need not be parallel to 
one another. However, it is inadvisable to select cutting 
‘planes that are inclined to the three principal planes, as 
thereby the labor of finding the sections is increased; experi- 
enced draftsmen will choose cutting planes that are either 
parallel to one and perpendicular to two principal planes, or 
inclined to two and perpendicular to one of the principal 
planes. As in the case of intersecting cylinders, it is advi- 
sable to so place the cones within the planes that the center 
jine of one cone is perpendicular to a principal plane. 
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It is well to bear in mind that the finding of points on the 
miter line of two intersecting cones, or, as a matter of fact, 
of any two intersecting solids, resolves itself into finding the 
outlines of a,xnumber of sections taken through the two solids. 
However, it is not necessary to determine complete sections; 
thus, in Fig. 10 it will be sufficient to determine the part a1 
of the section of the large cone and the part mz of the section 
of the small cone in order to find the point 7 of the miter line. 

The outlines of the sections of intersecting cones may be 
parts of circles, ellipses, parabolas, hyperbolas, or straight 
lines, depending on the 
direction of the cutting 
planes. 


16. In Fig 11 (@) are 
shown two orthographic 
projections of a cone, with 
some elements drawn on 
the curved surface of the 
cone. Obviously, the one 
view shown, and the ele- 
ments, cannot be drawn 
without a full view. It 
often occurs in practice that it 1s inconvenient for various 
reasons, such as lack of space on the paper or too small a draw- 
ing board, to employ the regular projection method of trans- 
ferring points from the full view to one of the views on a 
principal plane. In such cases, it may be more convenient 
to draw two full views, one for each of two views on principal 
planes, as is shown in Fiy 11 (0). When this method is 
adopted, the greatest care must be exercised to locate corre- 
sponding points of the two full views correctly in reference to 
the axes of the principal planes and traces of the auxiliary 
planes. In Fig. 11 (0), the full view A is divided into eight 
equal parts so located that the two points 6 and 8, J and 5, 
and 2 and 4 lie on the same projection line drawn to the 
trace ab. To find the location of the points 7 and 5 of the 
full view A on the full view B, it is necessary to bear in 
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mind that the view A is turned through the angle e between 
the trace b d and the revolved trace bc. This brings the line 
1-5 of the view A from a position perpendicular to the trace ab 
into a position parallel to the trace bd, as shown in the 
view B. To see this more clearly, draw a line f g parallel to 
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the trace bd through the center of the view A. Then, because 
1—4 is parallel to b c and f g parallel to bd, the angles hk and e 
are equal; hence, turning the view A around its center through 
the angle brings the line 1-4 to a position where it coincides 
with the line f g; that is, it is parallel to the trace bd. 
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17. Instead of working from two complete full views, it 
is sometimes possible to work from half full views. When 
a full view is symmetrical in respect to a line passing through 
its center at right angles to the trace across which project- 
ing is done, half views can be used. Thus, in Fig. 11 (0), 
the semicircle 3-4-5-6—7 of the view A and the semicircle 
1—8-7-6—-6 of the view B can be used; Fig. 11 (©) shows 
the application of this method to the same case that was 
presented in (a). 


18. In working from two full views it must be clearly 
borne in mind that the two full views represent two different 
positions of the same auxiliary plane, which has simply been 
turned first around one and then around another of its traces. 
Thus, in Fig. 12 (a) are shown the planes of projection for the 
case illustrated in Fig. 11. In Fig. 12 (6) the planes have 
been turned into the plane of the drawing, with the auxiliary 
plane turned on its front trace to allow drawing the full 
view A, Fig. 11 (6). In Fig. 12 (c) the auxiliary plane is 
turned on its side trace to permit drawing the full view B, 
Fig. 11 (6). When this is kept in mind the position of the 
second full view in reference to the first full view can be 
readily determined. 


19. Proprem 10. Sheet I1].—The curved surface of a 
right cone having a vertical height of 4? inches and whose 
base has a diameter of 5 inches 1s intersected by another cone 
in such a manner that the center lines of the two cones 
intersect at the center of the base of the first cone at an angle 
of 45°. The smaller cone has a vertical height of 34 inches 
and its base has a diameter of 3 inches; the base is at a dis- 
tance of 14 inches from the center of the base of the large 
cone, measured along the center line of the small cone. Draw 
a front view and side view, the side plane being at the right 
of the front plane. Make the drawing so that the center 
lines of the two cones are in a plane parallel to the front plane 
and the center line of the large cone is parallel to the hori- 
zontal plane. The vertex of the large cone is toward the side 
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plane, and tne small cone points toward the horizontal and 
side planes. 


SOLUTION.—Referring to the reduced copy of Sheet III, 
Exercise III, at a distance of 44 inches from the upper border 
line and parallel thereto draw the projection of the center 
line of the large cone. At a distance of 4 inch from the left 
border line, intersecting the projection of the center line first 
drawn, and at an angle of 45° to it, sloping upwards to the 
right, draw the front projection of the center line of the 
small cone. Draw the front projections of the two cones. 
Draw a half full view of the base of the small cone and divide 
it into any convenient number of equal parts, say six. Pro- 
ject these points of division to the front projection of the base 
and draw the front projections of the corresponding elements 
of the small cone. 

Draw the circle representing the side projection of the 
large cone so that its center 1s at a distance of 244 inches from 
the right border line. From the same center draw a half 
full view of the base of the small cone, dividing it into six 
equal parts. By projecting upwards from these points of 
division and projecting across from the front view, determine 
the side projections 1’, 2’, etc. of the intersections of the 
elements with the base of the small cone. The side projec- 
tion O’ of the vertex of the small cone having been found, 
draw the side projections O’ 1’, O’ 2’, etc. of the elements of 
the small cone. 

Through the front projection of the two cones pass a 
number of cutting planes in any convenient direction. In 
the solution presented, the cutting planes, as indicated by 
their traces aa’, Db’, etc., were taken parallel to the base of 
the large cone and perpendicular to the front plane, in order 
that the side projections of their intersections with the large 
cone may be circles. Although, in the solution presented, 
for the sake of clearness, almost the entire circumference of 
these circles is shown, in practice short arcs crossing the 
probable side projection of the miter line are all that are 
required. 
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The next step is to find the side projections of the inter- 
sections of the cutting planes with the small cone, which is 
done in the manner already explained in connection with 
the problems relating to finding the sections of cones. Thus, 
to find the side view of the section at the cutting plane whose 
front trace is a a’, project the intersections e, 7, g of the trace 
aa’ with the front projections O1, O2, O3 of the elements 
to the side projections O’ 1’, O’ 2’, O’ 3’ of the elements, thus 
obtaining three points e’, f’, g’ on the line of intersection. 
Through the points e’, jf’, g’ draw an elliptic curve, inter- 
secting the circle h at 7; the point 7 is the side projection of 
a point on the miter line. To find the front projection, pro- 
ject 7 to the front trace aa’, the projection line cutting this 
trace at 2’; the point 2’, then, is the front projection of the 
point whose side projection is at z. In the same manner, 
determine the side projections 7, k,l, etc. of other points 
of the miter iine and then their front projections; finally, 
through the points found trace the two projections of the 
mater line, 

It will be obvious that the more cutting planes can be 
chosen, the more points in the projections of the miter line 
are determined. The question of how many cutting planes 
to choose depends for its answer entirely on the judgment 
of the draftsman. 


20. Prosiem 11. Sheet 1V—The curved surface of a 
right cone having a vertical height of 44 inches and whose ~ 
base has a diameter of 5 inches is intersected by another 
right cone having a vertical height of 32 inches and a base 
diameter of 34 inches. The center line of the small cone 
makes an angle of 45° with the base of the large cone; the 
center line of the small cone penetrates the base of the large 
cone at a distance of + inch from its center. The base of the 
small cone is at a distance of 14 inches from the base of the 
large cone, measured along the center line of the small cone. 
Draw a front and a side view, the side plane being at the right 
of the front plane. Draw the views so that the center line of 
the large cone is parallel to the horizontal and front planes, 
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and so that the center line of the small cone is in a plane 
parallel to the front plane and between the front plane and 
the center line of the large cone. The vertex of the large cone 
is nearest the side plane; the vertex of the small cone points 
toward the horizontal and side planes. 

Locate the projection of the center line of the large cone 
4% inches from the upper border line; locate the front pro- 
jection of the base of the large cone ¢ inch from the left border 
line; and locate the center of the side projection of the same 
cone 24% inches from the right border line. 


DEVELOPMENT OF SURFACES 


FUNDAMENTAL PRINCIPLES 


INTRODUCTION 


DEFINITIONS 


1. A development is a drawing in which a full view of 
all the surfaces of a solid is represented. Whenever a develop- 
ment is to be drawn (except in the case of solids of very simple 
form), one or more, usually two, projection drawings must 
first be made. Since the location of the various points in a 
development is dependent on their corresponding position 
in the projection drawings, the importance of the projection 
and the necessity for accuracy in its construction are clearly 
seen. If a solid is bounded entirely by plane surfaces, its 
development can be accomplished by projecting their full 
views, and assembling these in their proper relation. 

A solid is said to be developed when all surfaces compo- 
sing it are represented on one plane and in such relation to 
one another that, if formed or bent up, they will constitute 
the solid represented by the projection drawings from which 
the development was made. Such a representation is called 
a development, or a pattern, the process of laying out 
the pattern being termed developing the surfaces of the solid. 

It is to be noted that in the study of the development of 
surfaces here presented the surfaces are considered to have 
no thickness, and it is assumed that edges butt together. In 
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practice, however, for articles formed of thin sheet metal it 
is necessary to allow where required, outside of the pattern, 
a certain width of metal for the purpose of joining the edges 
in various ways. For thicker metal, another allowance has 
to be made on the pattern itself to take care of the gain or 
loss in length that occurs in bending the metal to the required 
form. These allowances will be treated of fully in their 
proper place; to repeat, all problems here given assume butt 
joints and surfaces of no thickness, in order to make it easy 
to understand the principles involved in developing surfaces. 


2. When it is desired to produce a pattern requiring a 
combination of several surfaces that are adjacent in a solid, 
such surfaces must be drawn in the same relation to one 
another in the development. The surfaces of a solid when 
thus combined in a pattern, or development, bear the same 
relation to one another that they would if they were considered 
as being unfolded or unrolled. 

It will be seen from the foregoing that, were all solids 
bounded by flat, or plane, surfaces, the subject of develop- 
ments would present no new problems; it would be neces- 
sary merely to study the relation of surfaces to one another, 
project their full views, and carefully redraw them in the 
pattern in the same relative position. 


3. A thorough knowledge of projection is absolutely 
necessary to understand the operations involved in devel- 
oping the surfaces of a solid. The position of the several 
points located in a drawing and their corresponding location 
on the object itself must be definitely fixed in mind. Each 
line must be determined in its relation to the other lines of the 
drawing and its location definitely ascertained; the surfaces, 
also, must be treated in a similar way. A person must picture 
to himself the completed object as it will appear when the 
surfaces laid out on the drawing board in the development 
are formed up in their final relation to one another. 

In projection drawing, the surfaces of the solid are rep- 
resented as being in their proper position; in the develop- 
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ment, the same surfaces are represented as being developed 
or spread out on the surface of the drawing board, or sheet of 
metal, or other material from which the solid is to be made. 


ACCURATE AND APPROXIMATE DEVELOPMENTS 


4. An accurate development may be drawn for the plane 
surfaces of any solid, or for surfaces having, when related to 
a given line on such surface, a curvature in one direction only. 
In general, it may be stated that any solid may be accurately 
developed on whose surfaces it is possible to lay a straightedge, 
in continuous contact, in any one direction. Thus, consider- 
ing a cylinder, it will be seen that, if the straightedge is 
resting on the surface parallel to the axis of the cylinder, it 
will remain in contact at all points. If, on the other hand, 
the straightedge is resting on the curved surface and is not 
parallel to the axis of the cylinder, the surface will be in 
contact at a single point only. However, the fact that it is 
possible to place the straightedge in continuous contact 
on the surface shows that such surface is capable of accurate 
development. 

The same rule applies to solids of irregular form. There 
are certain forms whose surfaces, owing to their curvature 
in several directions, are not capable of being thus laid out 
on a flat surface; that is, are not capable of being developed. 
On the surfaces of solids of this class—the sphere, for example 
_—it will be found impossible to lay the straightedge in con- 
tact in any direction. For, if placed on such a surface, 
there will be but one point of contact—that at the point of 
tangency. Tangential contact indicates that development can 
be accomplished in only an approximate way. For purposes 
of development, then, it is convenient to separate all solids 
into two general classes according to the result obtained in 
developing their surfaces. These two classes are: solids 
whose surfaces admit of accurate development and solids 
whose surfaces admit only of approximate developments. 
Approximate developments are, however, frequently so 
nearly accurate for practical purposes that the kind of solid 
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is more clearly marked by the method of developing its sur- 
face than by the result obtained by the development. 

Solids whose surfaces are capable of accurate development 
are of frequent occurrence in practice. To this class belong 
all prismatic, cylindrical, and conical forms, whether of regular 
or irregular geometrical form. 

The sphere and other solids whose surfaces have a curvature 
in two or more directions are examples of objects susceptible 
to only approximate development. 


METHODS OF DEVELOPMENT 


SOLIDS DEVELOPED ON PARALLEL LINES 


5. There are three distinct methods in common use by 
means of which patterns are produced for solids whose sur- 
faces are capable of accurate development. It is advisable, 
therefore, to separate the different varieties of these forms 
into three general divisions, in order that their development 
may be studied in a systematic manner. This classifica- 
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tion may be made by studying the manner in which the 
surfaces of these solids would be unrolled or spread out if 
done by rolling the solid on a flat surface. 

A convenient illustration of the manner in which the sur- 
faces of a solid will appear when unrolled as above indicated 
may be found in the following example. which serves at the 


ai 


Me 


a . 


i 
ih 


(a) 
Ie a 


io) 


20 DEVELOPMENT OF SURFACES 5 


same time to define a property peculiar to solids of a certain 
form. Let the continuously adjacent surfaces of the prism 
shown in Fig. 1 (a) be carefully covered with thin paper, as in 
Fig. 1 (6). Denote each of the four surfaces by a letter, 
as A, B, C, and D, and further designate the edges of the 
prism by the letters ab, cd, ef, and gh. As the ends of 
the paper covering meet at the edge ab, that edge of the 
surface D may be denoted by the letters a’ b’, as shown in 
Fig. 1 (6). Assume now that the prism is laid on the drawing 
board, the surface A face down, and the paper covering 
removed by turning the prism over and over, the paper 
remaining on the surface of the drawing board, as shown 
in Fig. 2 (a) and (b). 

Two important principles relating to developments by 
rolling are here demonstrated. First, as will be seen from 


(0) 


Bre. 2 


Fig. 2 (0), the edges ab, cd, ef, gh, and a’ 0b’ are all par- 
allel to one another. This is true both in the development 
and on the solid, as may be readily seen, the only difference 
being that on the solid certain of the lines are in different 
planes, while in the development they are all in the same 
plane. Second, it will be noted, as indicated by the reversed 
letters shown in Fig. 2, that the outer surface of the paper 
covering in Fig. 1 (6) corresponds to the under surface in 
Fig. 2 (6). From this it follows that if a development is 
made by the method just described, positions indicated on 
any surface of a solid, as shown in a projection drawing, are 
reversed when shown in the development of the solid. 


6. The same treatment of the cylinder is found to produce 
results closely resembling those shown in the case of the 
15451 
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prism. The cylinder is represented in Fig. 3 (a) as covered 
with paper, a number of lines being ruled on the covering 
parallel to its axis, as shown at cd, ej, etc. The paper is 
shown unrolled in Fig. 3 (6), and it will be observed that 
not only the outer edges ab and a”b’ are parallel to each 
other, but that all other lines parallel to the axis of the solid 
appear in the development parallel to one another and to the 
edge lines ab and a’ b’. 


7. Instead of rolling along a flat surface the object to 
be developed, as was done in the cases illustrated by Figs. 2 
and 3 and explained in Arts. 5 and 6, the imaginary paper 
covering may be unwrapped from the object and laid down 
cn a flat surface so that the under side of the paper covering 
will be in contact with the flat surface. When this is done, 


(db) 


Ries 3 


positions indicated on any surface of a solid are not reversed 
when shown in the development. This point is so important 
that it must be clearly kept in mind. 

Either the method of rolling a solid along a flat surface, or of 
unwrapping an imaginary covering from the solid and placing 
it as described, may be used in practice; in forming the article 
from the pattern it must be clearly kept in mind, however, 
which method was used, since the direction in which bends 
are made to form the article are exactly opposite in character 
with the two methods. Thus, considering Fig. 2, the right- 
angled bends at the edges ab, cd, etc. would have to be 
upwards, and by the second method the bends would have 
to be downwards; that is, in exactly the opposite direction. 
To clearly see this, wrap a piece of paper around a square 
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stick of wood or some other similar object, and after unwrap- 
ping it lay it down on a flat surface first with one side up and 
then with the other. It will be seen at once that the direction 
in which the paper must be folded to wrap it around the 
object again will be opposite in relation to the surface of the 
paper that is uppermost in each case. 


SOLIDS DEVELOPED ON RADIAL LINES 


8. When a pyramid imagined to be covered with paper, 
as shown in Fig. 4 (a), is rolled on a drawing board, as shown 


Fic. 4 


in (6), it will be found that the lines on the paper that 
denote the inclined edges converge to a point o, which 
defines the position of the vertex of the pyramid. The same 
may be said of the cone, illustrated in Fig. 5 (a) and (6). 
If lines corresponding to its elements are first indicated on the 
surface of the cone, it will be found, when the covering is 
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unrolled, that these lines also converge to a point, as in the 
case of the edges of the pyramid. 
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It was found possible in the case of the prism and cylinder 
to institute a system of obtaining developments based on 
parallel lines; in a similar manner, it is quite evident in 
this case that a system dealing with radial lines should 
produce like results. Since, in projection drawing, the 
elements of the cone are known to be factors in determin- 
-ing the position of points on its surface, it may be readily 
conceived that their use may be adapted to developments. 
This is the case; and a second general division of solids is 
thus made, consisting of those forms whose surfaces may be 
developed on radial lines. Included in this division are all 
regular tapering solids and such irregular forms as are derived 
from regular solids. 


SOLIDS DEVELOPED BY TRIANGULATION 


9. There are many forms of irregular surfaces to which the 
test of the straightedge may be applied and the conclusion 
thereby reached that their surfaces admit of accurate develop- 
ment. It may also be concluded that neither of the two 
former methods is applicable, for neither parallel lines nor a 
series of radial lines may be drawn on their surfaces. Many 
of these solids are not of such a shape as to admit of their 
being either turned or rolled on a plane surface. It is found, 
however, that on every such surface, series of straight, or 
approximately straight, lines may be drawn in certain direc- 
tions, forming triangles. 

On such irregular surfaces it may happen that no two of 
the ie thus drawn on the solid, or represented—either 
correctly or foreshortened—in the 
projection drawings, will lie in the 
same plane or be equal to each other. 
Since it is possible to obtain full views 
of these triangles, they may be repro- 
duced on the flat surface of the draw- 
ing paper in their correct size. 

In Fig. 6 is shown an irregular solid whose curved surface 
cannot be developed either by parallel lines or by radial lines. 
This figure shows, however, in perspective, a series of triangles 
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drawn on its curved surfaces; from two projection drawings 
of the solid, containing the projections of these triangles, a 
full view of each triangle is readily constructed. These 
full views of the triangles are then arranged on the flat 
surface where the development is made in the same relation 
to one another as they bear on the solid, and thus a series of 
points on the outline of the developed surface are obtained. 

To sum up, the third general division consists of solids 
whose surfaces are developed by triangulation; that is, by 
means of triangles. 


CHOOSING THE METHOD OF DEVELOPMENT 


10. In practice, a person does not actually apply the 
test of the straightedge in reaching a conclusion as to whether 
the surfaces of a solid may be accurately or approximately 
developed. Nor does he roll the object on the drawing 
board in order to determine whether the method by parallel 
lines or one of the other methods is to be used. As a matter 
of fact, he seldom has a model to work from, and, therefore, 
could not apply such a test if he so desired. But as he studies 
the drawings and imagines the positions of the surfaces as 
they will appear in the completed object, he is enabled to 
apply the tests as effectually, in his imagination, as if the 
tests were made with a straightedge. In the same imaginary 
way, also, he assigns the solid to the general division to which 
it properly belongs, and thus decides as to the method he will 
use in the development of its surfaces. 

A little practice will enable a person to classify the variously 
formed objects and to select the method to be applied in any 
given case. A very important part of development of sur- 
faces consists in being able to recognize in various irregular 
objects those forms that may be only a part of some regular 
solid. In other words, a person must learn to establish in his 
own mind the connection between complete and perfectly 
formed solids and those objects in which only a part of the 
solid may be represented. The method of development 1s, 
of course, the same in both cases, but, as a matter of fact, 
the operations are usually more complicated in cases where 
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the solid is only part of a regular solid. 
true of conical forms, or those developed on radial lines. 


Frequent illustrations of this principle may be found in 
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flaring pail shown in 


Fic. 7 
commonly occurring objects. The 
Fig. 7 1s seen to be a part, or frustum, of a cone, the completed 


cone being indicated by the light shading in the illustration. 
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Another instance is found in the measure shown in Fig. 8. 
Here are two intersecting cones: a regular frustum of one 
forms the body of the measure; and an irregular frustum of 
the other—an inverted cone—forms the lip of the finished 
article. 


APPLICATION OF PRINCIPLES 


DEVELOPMENT BY PARALLEL LINES 


GENERAL DIRECTIONS 


11. A number of exercises, each consisting of several 
sheets, on each of which are one or more problems, are to be 
drawn by the student and sent to the International Corre- 
spondence Schools for correction. The sheets on which all 
the exercises are to be executed may be about 9 in. X 12 in. 
outside measurement, and must be 8 in. X 11 in. within the 
border lines. The different lines on the drawings may be 
inked in or not, as preferred. Any kind of paper may be 
used; however, a white paper having a hard, smooth surface 
will permit of the greatest accuracy, and is recommended. 

There will be two or more cases of each problem, of which 
the solution of the first case will be given quite fully; the 
solution in the other case or cases will be similar to that of 
the first, and the drawing is to be made by the student 
without further explanation. All problems on each sheet are 
to be drawn. 

Having completed the several sheets of an exercise, the 
number of the exercise, the title of the Paper, and the num- 
ber of the sheet is to be written on each sheet at the top 
and outside of the border line. At the bottom of the sheet 
and outside of the border line is to be written the date the 
drawing was completed, the name of the student, the class 
letters, and the number. Thus, suppose the drawing is the 
first sheet of Exercise I, Development of Surfaces, and that 
it was completed May 14, 1912; suppose the name of the 
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student is John Smith, his class letters are DCA, and his 
number is 1,280,679. Then, by consulting the reduced copy 
of Sheet I, Exercise I, on page 17, the form in which the 
information called for is to be written can be seen. On the 
back of each sheet of each exercise is to be written the full 
address of the student. Then mail all the sheets of each 
exercise, one exercise after the other, to the International 
Correspondence Schools, Scranton, Pa., for correction. Do 
not mail single sheets; mail only a complete exercise. 

The greatest of care must be exercised to do the work 
neatly and accurately. Reference letters appearing on the 
reduced copies of the sheets are to be omitted. 

Those dimensions given in problems or their solutions that 
relate to the location of points or lines in reference to the 
border lines have nothing to do with the solutions of the 
problems; they are given to prevent overlapping of the dif- 
ferent drawings, and thus obviate needless work. 


EXERCISE I 


12. It has been already stated that the making of pro- 
jection drawings is the first step toward obtaining a pattern 
for the surfaces of any solid. The solid in question, when- 
ever possible, should be shown in these drawings in such a 
position that all lines needed for the development will show 
in their true length. Several views may have to be drawn, 
although two views will usually be sufficient. In some cases 
the object may be so shown that needed dimensions may not 
be readily obtained. In such cases, the dimensions must be 
obtained from additional full views or by finding the true 
lengths of the foreshortened lines by triangulation. Refer- 
ring now to objects susceptible to development by parallel 
lines, they should preferably be drawn in such a position in 
reference to the principal planes of projection that those 
edges needed in developing the surfaces are parallel to at 
least one plane of projection, in order that they will show in 
their true length on that plane. In other words, the object 
should be drawn in what is commonly called a right posi- 
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tion. Thus, the projection drawings of a cube, for instance, 
should be made with the surfaces of the cube parallel to the 
horizontal, front, and side planes, when the edges also will be 
parallel to those planes, and hence show in their true length 
on the several views. 


13. From the several views of a projection drawing of 
an object to be developed by parallel lines the width of each 
surface may be readily ascertained. The total width of all 
these surfaces—the distance around the solid—is called the 
girth of the solid. In case the solid has a curved surface, 
its girth is found hy spacing with the dividers the outline 
in that view, or by calculation. The girth of a cylinder, for 
example, is equal to the length of the circumference of a circle 
that represents the base of the cylinder. 

When a distuace corresponding to the girth of any solid 
is laid off on a ~iraight line on a flat surface, such a distance 
is called a stretchout for the development, or pattern. 
The line on which the stretchout is laid off is called the 
stretchout line. This stretchout is then marked off by a 
series of points, the points representing the places at which 
the line would be bent if formed up to correspond with the 
outline of the solid represented in the view from which the 
distances were taken. In the case of curved surfaces, a num- 
ber of points are located on the outline. This is usually done 
by dividing the outline into a number of equal spaces in the 
same manner as i projection drawing; an equal number of 
spaces is then stepped off on the stretchout line, and in all 
cases their combined length is equal to the girth of the solid. 
An important point to be observed is that the points thus 
located on the stretchout must be in a position on the line 
corresponding to that relatively occupied on the solid. It 
‘is to be noted that on the solid the line denoting the stretch- 
out, that is, the girth line, must be at right angles to the 
parallel lines of the solid. 


14. For the purpose of giving a better explanation of 
the use of the stretchout, the development of a cube is pre- 
sented, step by step, in Figs. 9 to 11, inclusive. A repro- 
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duction of this development should be made in accordance 
with the following instructions, although the drawing is not 
to be sent to the Schools for correction. 

The top view and front view shown at the left in Figs. 9 
and 10 are drawn first. Next, in any convenient location 
and in any convenient direction, draw a straight line, as MN, 
Fig. 9. On this straight line locate a point w in any con- 
venient place. This point w may correspond to any of the 
horizontal edges represented on the front view by 4A, B, C, 
and D. In unfolding the surfaces of the cube, the point w 
will here be considered as representing a position on the 
edge A. The surfaces are represented in their regular order 
in the development, that is, in the order in which they appear 
on the solid itself; first, the surface represented in the front 


Top View 2 wy 
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Front View 
r lo Fic. 9 
view by A B, then B C, C D, and D A, in their order as:shown. 
The dividers may, therefore, be set to a distance equal to 
the length of the side A B, and, since the sides of the cube 
are equal in length, the distances wx, xy, y2, and zw’ 
corresponding, respectively, to the sides represented in the 
front view by AB, BC, CD, and D A—are spaced off on 
the stretchout line MN. 

That portion of the line M N included between the points w 
and w’ is the stretchout of the cube. A stretchout may be 
drawn in any position, but the girth line is invariably’ at 
right angles to the parallel lines of the solid. This statement 
does not imply that the line denoting the stretchout on a 
development must be at right angles to the projection of the 
parallel edges of the solid in its projection drawings from 
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which the development is made. When a development by 
parallel lines is made on a drawing board, it is usually con- 


ZZ 


Fic. 10 


venient to draw the stretchout at right angles to that pro- 
jection of the parallel edges in which they show as lines, 
as the top view in Fig. 9, but it is not necessary to do so. 
The next step is to erect perpendiculars to the stretch- 
out line M WN that shall pass through the points w, x, y, etc. 
and be produced on both sides of the line. This may be 
done by means of the triangle, in connection with the T square, 
as in Fig. 10. The lines thus drawn are called edge lines, 
since they represent, in the development, those parts of the 
surfaces that would form the edges of the solid if the pattern 
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were to be cut out and formed up to the shape indicated by 
the projections. 
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Next, the length of each of the horizontal edges shown in 
the top view is marked off on its corresponding edge line 
in the development. In the case of the cube, these hori- 
zontal edges are equal in length; hence, on one of the edge 
lines, as aa’, Fig. 11, lay off the length of a horizontal edge 
and through the two points defining this length draw straight 
lines pg and rs parallel to the stretchout. The rectangle 
ef gh is the development of four sides of the cube. If 
desired, the other two sides, which, in this case, are the 
front and rear, may be added to any one of the four sides 
that were developed. 


15. Propiem 1. Sheet I—Develop the large surfaces 
of the square prism shown in perspective in Fig. 12 and 
having the dimensions there given. 


SoLuTion.—Referring to the reduced copy of Sheet I, Exer- 
cise I, in any convenient position draw two views of the 
prism, one of which must show the long edges of the prism 
in their true length. It does not matter in what particular 
position the prism is imagined to be placed inside of the 
principal planes of projection; although in the solution pre- 
sented, the prism has been so placed that its long edges are 
perpendicular to the horizontal plane, it may, if convenient, 
be placed in any other position in which one view will show 
the long edges in their true length. Strictly speaking, it 
is not absolutely necessary to place the prism within the 
principal planes so that its long edges will show in one view 
in their true length; it is possible to find their true lengths 
if they are inclined to all three principal planes, and hence 
show foreshortened in every view. This, however, in case 
of solids susceptible to development by parallel lines, involves 
unnecessary work. If it is decided to draw the prism in the 
position defined by its two projections appearing on the 
reduced copy of Sheet I, the left upper corner f of the top 
view may be located 4 inch from the left and 14 inches from 
the upper border line. The lower edge of the front view 
may be located 14 inches above the lower border line. 


6L9'082"T VOU ‘ymms uyof S16T ‘71 any 


oC WA/GOo17 LYUYGo4f 


q 


7 1224S saovfans fo twamdozaaag 


I ast24007q 


17 


18 DEVELOPMENT OF SURFACES § 20 


Next, in any convenient position, say parallel to the left 
border line and at a distance of 3 inches from it, draw a 
stretchout line ab; choose a point c on this line near its 
end a and in any convenient location, say 14 inches from the 
upper border line. From the point c lay off on the line ab 
successively the widths cd, de, ef, and fc of the large sur- 
faces of the prism, as taken from the top view. In this par- 
ticular case, the prism being square, these widths are all 
equal. Through the points c, d, e, and f on the line a6 and 
at right angles to it draw the edge lines c’ c’, d’ d’, etc. On 
one of the edge lines, as the upper edge line c’ c’, lay off the 
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distance c,¢, equal to the height c,c, of the large surfaces, 
as given in the front view, locating the point c, of the develop- 
ment 2; inches from the left border line. Through the 
points c, and c, of the development draw straight lines c, ¢, 
and ¢, ¢, parallel to the line a b; the rectangle C065 G16 ae 
boundary of the required Aeveloomeay It will be under- 
stood that the correct length of the edge lines is that between 
the lines ¢, c, and'e,¢, 

Attention is once more called to the fact that the location 
of points and lines in reference to the border lines does not 
form part of the solution of the problem. 


Oe) 
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PrRoBLEM 2.—Develop the large surfaces of the equat- 
sided hexagonal prism, with ends at right angles to the axis, 
shown in perspective in Fig. 13. This prism has a height of 
2% inches and the ends have a diameter of 1} inches across 
corners. 

Locate tne center of the top view 2 inches from the upper 
border line and 42 inches from the right border line. Locate 
the bottom line of the front view 14 inches above the lower 
border line. The uppermost edge line of the development 
may be 24 inches from the upper border line, and its right 
boundary line 4 inch from the right border line. 


16. Prospiem 3. Sheet I1.—Develop the curved surface 
of a cylinder having a diameter of 14 inches and a height of 
2? inches, the ends being at right angles to its axis. 


SOLUTION.—It is readily seen that a development of the 
curved surface of a cylinder with ends at right angles is a 
rectangle having a width equal to the height of the cylinder 
and a length equal to its circumference, which is 3.1416 times 
the diameter. 

In practice, the problem of developing a cylinder seldom 
presents itself in the simple form given; frequently the 
curved surface has one or more holes whose exact outline 
and position must be given on the development, and often 
the ends of the cylinder are not at right angles to the axis. 
In such cases the curved surface must be developed from 
elements drawn on it; in order to familiarize the student 
with this method it is given in the solution presented on the 
reduced copy of Sheet II, in preference to the simpler one 
of merely drawing a rectangle of the required dimensions. 

Draw a top and a front view of the cylinder, locating the 
center of the top view 1} inches from the left border line 
and 21 inches from the upper border line. The bottom line 
of the front view may be located 14 inches from the lower 
. border line. Choose a number of points on the circle rep- 
resenting the top view of the cylinder; although it is not 
necessary that these be equally spaced, it is very convenient 
in practice to space them thus. In this case the circle has 
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been divided into eight equal parts, the points of division 
representing the top views of elements. Draw these ele- 
ments, which may be considered as edge 
lines, in the front view, projecting their posi- 
tion from the top view. It will be under- 
stood that these elements, being intersections 
of the curved surface of the cylinder with 
planes passing through the axis, are at right q 

angles to the girth line conceived to be drawn Me 


on the solid. In some convenient position 
draw the stretchout line ab, and on it lay 
off the stretchout c d, equal to the circum- © 
ference of the cylinder, or 3.1416X14=4.71 
inches, locating c about 12 inches from the 
upper border line. Using dividers, divide the 
stretchout into eight equal parts and through 
the points of division, at right angles to the stretchout, draw 
the elements 7, 2, etc. On one of the elements lay off the cor- 
rect length, taken from the front view, locating the point e 
24 inches from the left border line. Draw the straight lines ef 


> 


Fic. 14 


(0) 


Bie. 15 


and gh parallel to the stretchout, through the points laid off 


on the element; the rectangle ef/g is the required development. 
154-52 
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Propiem 4.—Develop the curved surface and large plane 
surface of the solid shown in perspective in Fig. 14. 


17. In many cases the parallel lines of a solid are inter- 
rupted by the intersection of another solid, or are cut by a 
cutting plane not at right angles to the axis, or what is the 
same thing, one or both ends are not at right angles to the 
parallel lines. A case in point is the rectangular prism 
shown in Fig. 15 both in perspective and by projection 
drawings, both ends being inclined to the vertical edges. 
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The first step in the development is to pass a girth line 
abcda around the solid in some convenient location, as 
shown in Fig. 15 (a). This girth line is shown on the front 
and side views in Fig. 15 (6) by its projections. Consider- 
ation of Fig. 15 (a) shows that the girth line serves as a base 
from which the distance the ends of each edge are located 
can be measured. Thus, the ends e and f of the one edge 
are the distances ae and af [see also the front view in 
Fig. 15 (b)] from the girth line. ; 
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The development of the prism shown in Fig. 15 is pre- 
sented in Fig. 16. In some convenient position is drawn 
the stretchout line and on it are laid off the widths ab, bc, 
cd, and da of the four vertical surfaces of the prism. The 
edge lines having been drawn at right angles to the stretch- 
out aa, the distances ae, bg, ci, dk, and ae, taken from 
the front and side views, are laid off to one side of the stretch- 
out. Likewise, on the opposite side of the stretchout the 
distances af, bh, cj, dl, and af, also taken from the front 
and side views, are laid off. The points e and g, g and 1, 
etc. are now joined by straight lines, thus completing the 
development. 


SE 


The principle involved in measuring from a girth line is 
the most important one in developing a solid by parallel 
lines; in order that a person may firmly grasp this principle, 
it is recommended that a development similar to the one 
shown in Fig. 16 be made on a piece of paper and then be 
cut out. Next, fold it on the edge lines, having lettered all 
corners as in Fig. 16, and compare the folded development, 
which is now a geometrical solid, with Fig. 15 (a). 
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18. When a development of parallel lines is to be made 
on a drawing board, it is convenient to draw the stretchout 
at right angles to that view or views in which the parallel 
lines of the solid are parallel to a principal plane or planes. 
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This is shown in Fig. 17, which represents the development 
of the same solid that was presented in Figs. 15 and 16. 
When the stretchout is thus placed and the 
edge lines have been drawn, the length of 
the edge line can be projected across from the 
view or views to which the stretchout 1s at 
right angles, as indicated, using the T square. 
The projection lines used for this purpose, 
as ab in Fig. 17, are called developers. 


Fic. 18 19. It often happens in practice that some 
surface or surfaces of a solid susceptible of development by 
parallel lines does not intersect all those parallel edges of the 
solid on which the development is to be made. A case in point 
is the solid shown in perspective in Fig. 18, where the sur- 
face A intersects only one of the four vertical edges of the 
prism. The method of developing such a solid is essentially 
the same as that previously given. 

In Fig. 19 are shown at the left a top and a front view of 
the solid pictured in Fig. 18. The stretchout line having 


been drawn, the width of the four vertical surfaces, taken 
from the top view, is laid out on it and the edge lines are 
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drawn. Referring to the top view, it is seen that the surface A 
intersects the one vertical edge at c, and two upper hori- 
zontal edges at the pointse andj. These two points obviously 
are the distances be and df from the edges 6 and d. Con- 
sequently, on the stretchout lay off 0’ e =b¢,.and-d’ 7’ =d jf. 
Through e’ and 7’ draw parallel to the edge lines the lines e e, 
and j7,, on which lines of the development will be located 
the corners e and f of the solid. As these lines ee, and ff, 
are between edge lines, they are termed interedge lines. Next, 
on the edge lines and interedge lines of the development, 
lay off to both sides of the stretchout the length of the edges 
and interedges, taken in this case from the front view, measur- 
ing from the girth line there shown. Join the ends a, }, e, ¢, 
etc., and a,, 6,, @,, ¢,, etc. of the edge lines and interedge 
lines by straight lines, thus completing the development. 


20. A general summing up of the instructions for develop- 
ing solids by parallel lines is as follows: 

1. Two views of the solid must be drawn in orthographic 
projection, preferably showing the solid with its parallel lines 
parallel to two of the principal planes. 

2. The stretchout is obtained from the view on that plane 
to which the parallel lines of the solid are perpendicular; the 
length of edge lines and interedge lines is obtained from that 
view in which they show in their true length. 

3. To indicate the width and relative position of the sur- 
faces, points are located on the stretchout corresponding to 
the place of those points in a view that represents the surfaces 
on edge. 

4. Edge lines and interedge lines are always at right 
angles to the stretchout. 

5. Interedge lines, when necessary for the development, 
must be indicated on the projections as well as on the develop- 
ment. 

6. The length of the outer edge lines in a complete develop- 
~ ment is equal. 

When a stretchout is drawn at right angles to the parallel 
lines of a solid in a position to permit the use of developers: 
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1. Developers are drawn from each edge or interedge 
represented in the projection drawing to the corresponding 
edge line or interedge line in the development. The position 
of points located on these lines is determined in a similar 
manner. 

2. Interedge lines, when necessary for the development, 
must be indicated on the projection as well as on the develop- 
ment, and the same care exercised with the corresponding 
developers as with those drawn from edges to edge lines. 


21. Prosrem 5. Sheet II1I.—Develop the eight sides of 
the octagonal prism with oblique ends shown to a reduced 


(a) Fic. 20 (b) 


scale in orthographic projection in Fig. 20 (a), and also shown 
in perspective in Fig. 20 (0). 


So_ution.—Referring to the reduced copy of Sheet III, 
Exercise I, draw the top and the front view of the prism, 
locating the center of the top view 1} inches from the left 
border line and 2 inches from the upper border line. Locate 
the point a, Fig. 20 (a), 34 inches from the upper border line. 
In some convenient position, say 1% inches from the highest 


Qr 


point of the front view, draw the Sian ine t= 2’ —31, ete, ~ In 
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any convenient position and direction, say 4 inches from the 
left border line and parallel thereto, draw the stretchout 
line ab; beginning at some convenient point, say 14 inches 
from the upper border line, lay out the stretchout 1’—2’, 
2’-3', etc. Draw the edge lines and lay off their length on 
both sides of the stretchout, as taken from the front view. 
Complete the development by drawing the lines 1-2, 2-3, 
0), O87 etc. 


Prositem 6.—Develop the six sides of the prism shown 
to a reduced scale in orthographic projection in Fig. 21 (a) 
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and in perspective in Fig. 21 (6); the ends of the prism are 
oblique. 

Locate the center of the top view 2 inches from the upper 
border line and 42 inches from the right border line; locate 
the lowest point of the front view 1} inches from the lower 
border line. Draw the girth line about 1 inch from the 
lowest point of the front view, and draw the stretchout about 


y inches from the right border line. 
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EXERCISE II 


22. Propiem 7. Sheet I—Develop a pattern for the 
right-angled elbow shown in perspective in Fig. 22. 


SoLtutTion.—Referring to the reduced copy of Sheet I, 
Exercise II, draw a top view of one end, and a front view of 
the elbow, which is composed of two equal cylinders with 
intersecting axes at right angles, so that in the front view 
by placing the axes in a plane parallel to the front plane, the 
miter line will be a straight line. The center of the top view 
may be placed 1} inches from the upper border line and 
2 inches from the left border line. The upper edge of the front 
view may be placed 1 inch below the center of the top view. 
Divide the top view into any convenient number of equal 
parts, preferably a number divisible 
by 4; in the solution presented the 
circle has been divided into twelve 
equal parts and the points of division 
so arranged that all but two of the 
projection lines will pass through two 
points of division, as shown. Now, 
projecting from the top view, draw the 
projections of the elements {/—1’, 2-2’, 
etc. to the miter line. Since the front view was drawn with 
its axes parallel to the front plane, the projections of the 
elements are all parallel to the front plane and hence show 
the true length of each element. 

In this particular case it is not necessary to draw a girth 
line on the front view; since the ends of the two cylinders are 
at right angles to their respective axes, the line 1-7 of the 
front view may be used as a girth line. In some convenient 
location, say parallel to the lower border line and 3 inches 
from it, draw the stretchout line ab and on it lay out the 
stretchout /—/, making it 143.1416 =3.93 inches in length, 
locating the left end of the stretchout 2 inch from the left 
border line. Divide the stretchout into twelve equa! parts 
and draw the edge lines, on which lay off successively the 


Pie. 22 
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lengths 1-1’, 2-2’, etc. of the projections of the elements, as 
shown on the front view. Through the points 1’, 2’, 3", ete. 


132 


(a) Fic. 23 


of the development trace a curve representing the miter line, 
thus completing the pattern. 


ProsBLeM 8.—Develop the pattern for the 45° elbow shown 
in orthographic projection in Fig. 23 (a) and in perspective 
in Fig. 23 (6). The two parts of the elbow are alike. The 
ends are at right angles to the axes of the cylinders. 

This elbow is called a 45° elbow because it changes by 45° 
the direction of the pipe to which it is applied. 

Locate the center of the top view 14 inches from the upper 


Fic. 24 


border line and 33; inches from the right border line; locate 
the upper edge of the front view 1{ inches below the center 
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of the top view. The stretchout may be drawn parallel to 
the lower border line and 3 inches from it; locate the right 
end of the stretchout about 2 inch from the right border line. 


23. Propiem 9. Sheet I].—Develop the middle section 
of the three-piece 90° elbow shown in orthographic pro- 
jection in Fig. 24 (a) and in perspective in Fig. 24 (b). The 
elbow is composed of three intersecting cylinders of equal 
diameter. * 


SOLUTION.—Referring to the reduced copy of Sheet II, 
Exercise II, draw one view, say a horizontal view, so that the 
axes of the three cylinders will be parallel to the horizontal 
plane. Draw an end view of one of the cylinders in line 
with its horizontal view. The line ab, Fig. 24, may be 
drawn about 3 inches from the upper border line, locating 
its end a about 12 inches from the left border line. The center 
of the end view may be located about | inch below the line a b. 
Divide the front view into any convenient number of equal 
parts, say twelve, so arranged that all but two of the projec- 
tion lines will pass through two points of division on the 
circle. Project the elements on the cylinder A; from their 
intersections with the miter line cd draw corresponding 
elements on the center cylinder B. On the horizontal view 
draw a girth line, which must be at right angles to the elements. 
In case of a symmetrical solid like the central section of the 
elbow under discussion, where both ends make the same 
angle with the axis, it is convenient to draw the girth line 
midway between the two ends, as defined by the two miter 
lines; this, however, is not a necessity. Drawing the girth 
line in the convenient position named divides each element 
into two equal parts, and it is not necessary to measure each 
of the two parts separately when making the development. 

In any convenient position, say 1}? inches from the lower 
border line and parallel thereto, draw the stretchout line, and 
on it lay out the stretchout, which has a length of 133.1416 
=A4.32 inches, at a distance of about $ inch from the left 
border line. Divide the stretchout into twelve equal parts; 
draw the edge lines and take the distance of their ends from 
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the stretchout from the horizontal view, measuring from the 
girth line to the miter line and laying off to both sides of 
the stretchout. Draw the two 
irregular curves through the 
points just laid off, thus com- 
pleting the pattern. 


24. Instead of finding the 
position of the elements on the 
central cylinder of Problem 9 
in the manner shown on the 
reduced copy of Sheet II, Exer- 
cise II, they may be located in 
the way indicated in Fig. 25. 
There a view at right angles to 
the central cylinder has been drawn and divided into equal 
parts suitably located, from which view the elements have 
_ been projected. 


ProsLem 10.—Develop the section A of the five-piece 
90° elbow shown in orthographic projection in Fig. 26 (a) and 
in perspective in Fig. 26 (6). 

Locate the center a 3 inches from the upper border line 
and 2 inches from the right border line. The stretchout 
may be located about 1? inches from the lower border line 
and 7% inch from the right border line. 


(a) Fic. 26 (0) 


25. Prosiem 11. Sheet Il]—Develop the surfaces of 
the T shown in Fig. 27. The T consists of two intersecting 
cylinders of equal diameter whose axes intersect and are at 
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right angles and whose free ends are at right angles to the 


axes. 


SoLution.—Referring to the reduced copy of Sheet III, 
Exercise II, draw one view of the T, placing it so that the 
two axes are parallel to the plane of projection. The line 
defining the upper surface of the cylinder A, Fig. 27, may be 
drawn 4 inch from the upper border line and 1} inches from 
the left border line. Draw an end view of both cylinders, 
locating their centers at any convenient distance, say } inch, 
from the lower end of the long cylinder and the free end of 
the short cylinder. Divide the circumference of the end views 
into any convenient number of equal parts, say twelve, and 
from the points of division project the elements. Since the 
| ends of the cylinders are at right 

angles to their axes, the lines defi- 

ning them in the horizontal view can 
be used as girth lines. 
n To develop the long cylinder A, 
= draw the stretchout line a b and on it 

lay out the stretchout, locating it 4 

inch from the lower border line and 4 

inch from the left border line. Divide 
i the stretchout into twelve equal parts 
Fic. 27 and draw the edge lines, laying off on 
them the lengths of the corresponding elements. On the edge 
lines 4-4 to 10-10, inclusive, lay off the points 4-4’, 4-3’, 
5-5’, etc., making their distances from the stretchout line 
equal to 4-4’, 5-3’, 5-5’, etc. of the horizontal view. Using 
an irregular curve, join the points 1’, 2’, 3’, etc. The four 
outer edges of the pattern, obviously, will form a rectangle. 

To develop the short cylinder B, draw the stretchout 
line cd in any convenient position, say 2% inches from the 
lower border line, and on it lay off the stretchout 1-1, at a 
distance of 4 inch from the left border line. Divide the 
stretchout to suit the division of the end view of the cylinder B; 
draw the edge lines, and take the lengths of the elements 
from the horizontal view, transferring their lengths to the 
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corresponding edge lines. Since the free end of the cylinder B 
is at right angles to its axis, no girth line need be drawn, as 
all measurements can be made from the line defining the 
free end. 

Instead of drawing an end view of the cylinder B and 
dividing the end view for the purpose of obtaining the position 
of the elements on that cylinder, the elements can be drawn 
from the points of intersection 2’, 3’, 4’, etc. on the miter 
line. This method is theoretically exact, and hence it is a 
question of individual preference whether to adopt it or the 
method shown in the solution of Problem 11. 


(@) Fic. 28 


ProBLEM 12.—Develop the two patterns for the ¥ shown 
in orthographic projection in Fig. 28 (a) and in perspective 
in Fig. 28 (6). This consists of three cylinders of equal 
diameter whose axes intersect in the same point, the free 
ends of the cylinders being at right angles to their axes. 
Draw a view of the cylinders so that the three axes shall be 
parallel to the plane of projection, locating the center line 
of the cylinder A 14? inches from the upper border line and 
making it parallel thereto; the free end of the cylinder A 
may be located 4-3; inches from the right border line. Locate 
the stretchout for the cylinder A 2% inches from the lower 
border line, drawing it parallel thereto. The stretchout 
for the cylinder B may be located 4 inch from, and parallel 
to, the lower border line. Both stretchouts may be at a 
distance of % inch from the right border line. 

154—53 
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EXERCISE IIt 


26. In the development of the surfaces of intersecting 
cylinders of unequal diameter, no new principles are encoun- 
tered; the miter line, however, is not a straight line, as in the 
case of cylinders of equal diameter drawn with their axes 
parallel to the plane of projection, and hence must be very 
carefully projected point by point in accordance with the 
principles of projection. 


ProspLeM 13. Sheet I.—The axes of the two cylinders 
shown in orthographic projection in Fig. 29 intersect at right 
angles; the free ends of the cylinders are at right angles to their 
curved surface. Develop the pattern for the large cylinder. 


SOLUTION.—Referring to 
the reduced copy of Sheet 
I, Exercise III, draw three 
views of the intersecting 
cylinders. In the solution 
shown the cylinders are 
placed inside of the planes 
of projection so that their 
axes are parallel to the 
front plane, and the axis of 
the large cylinder is per- 
pendicular to the horizon- 
tal plane; the cylinders 
may, however, be placed in any other convenient position in 
which the elements used for finding the miter line will show in 
their true length. The center of the top view of the large 
cylinder may be located 1} inches from the upper border line 
and 2 inches from the left border line; in the front view, the 
center line of the small cylinder may be located 33 inches from 
the upper border line. In the side view, the center line of 
the large cylinder may be located 47% inches from the left 
border line. 

The outer circumference of the pattern is, obviously, a 
rectangle having a height equal to the height of the large 
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cylinder, and a width equal to its circumference. Draw this 
rectangle about % inch from the left border line and ? inch 
from the lower border line. Since the ends of the large 
cylinder are at right angles to its axis, no girth line needs to 
be drawn, as all measurements for the hole in the pattern 
can be made from either the upper or the lower line denoting 
the end surfaces in the front view. Suppose that the lower 
line is choosen and that, for the sake of convenience, the 
same elements are used for the pattern that were used for 
determining the miter line. In any convenient location on 
the stretchout a b, corresponding to the edge of the lower end 
of the cylinder, lay off the distance 1-7 equal to the length 


oF Hl 
oS HH 


(a) Fic. 30 (b) 
of the arc 1’—7’ of the top view. As inspection shows the are 
to be more than one-sixth of the circumference, it is advisable 
to divide it into several parts, finding the length of each part 
by the graphical method given in Geometrical Drawing for 
finding a straight line equal in length to a given arc. The 
overall distance 1-7 having been laid off on ab, lay off the 
distance 1-2, 2-3, etc. equal to 1’—2’, 2-3’, etc. of the top 
view. Through the points 1, 2, 3, etc. on ab draw edge lines 
and lay off on these the distances 1-1’, 2-2’, etc. equal to 1-1’, 
2-2’, etc. of the front view. Through the points 1’, 2’, etc. of 
the pattern draw the outline of the hole, using an irregular 
CUEVE.. 
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Propiem 14.—The two cylinders shown in orthographic 
projection in Fig. 30 (a) and in perspective in Fig. 30 (b) 
intersect in such a manner that the axis of the small cylinder 
intersects both the axis and the circumference of the base of 
the large cylinder, and makes an angle of 60° with the axis 
of the large cylinder. The free ends of both cylinders are at 
right angles to their respective axes. Develop the pattern 
for the large cylinder. 


(a) Fic. 31 (b) 


The center of the top view of the large cylinder may be 
located 1} inches from the upper border line and 47% inches 
from the right border line; the base of the front view may be 
located 3% inches below the center of the top view of the 
large cylinder. If the pattern is drawn with its long sides 
parallel to the lower border line, locate it ? inch from it and 
s inch from the right border line. 
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27. Propiem 15. Sheet Il.—Develop the surface of 
the smaller of the two intersecting cylinders shown in ortho- 
graphic projection in Fig. 31 (a) and in perspective in 
Fig. 31 (6). 


SOLUTION.—Referring to the reduced copy of Sheet II, 
Exercise III, draw a top and a front view in accordance with 
the dimensions given in Fig. 31, locating the center of the top 


(a) Fic. 32 (b) 


view of the large cylinder 2 inches from the upper border 
line and 12 inches from the left border line. The line defining 
on the front view the base of the large cylinder may be 
located $ inch from the lower border line. Draw an end view 
of the small cylinder correctly located in reference to its top 
view; divide this end view into any convenient number of 
equal parts, say sixteen. From this view project elements 
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in the front view and top view, and thus determine sixteen 
points of the miter line. As the free end of the small cylinder 
is at right angles to its axis, the length of the elements can 
be measured from the front projection of the free end, and 
no girth line need be drawn on the front view of the small 
cylinder. 

In any convenient position, say parallel to the right border 
line and 2 inch from it, draw the stretchout 6-6 equal to the 
circumference of the small cylinder. Divide the stretchout 
into sixteen equal parts; draw the edge lines, and on them 
lay off the length of the elements, taken from the front 
view, where they show in their true length. Complete the 
pattern by drawing a curve through the points 1’, 2’, etc. 


28. Prosiem 16. Sheet JII—A _ twelve-sided prism 
with the ends at right angles to its sides is intersected by 
a cylinder, as shown in Fig. 32. Draw the pattern for the 
cylinder. 

Locate the center of the top view 1} inches from the left 
border line and 15 inches from the upper border line; the base 
of the front view may be located 4 inch from the lower 
border line. The stretchout may be drawn parallel to the 
right border line and 2 inch from it. 

For finding the miter line, elements should be located so 
they intersect edges of the prismi, and such additional ele- 
ments as may be dictated by judgment should be located 
between these. 


DEVELOPMENT BY RADIAL LINES 


EXERCISE IV 
29. As previously stated, the second general division 
of solids susceptible of accurate development contains those 
solids that are developed on radial lines, of which the regular 
pyramid and cone are those most frequently met with in 
practice. 
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In the development of cylinders, elements were drawn on 
their curved surface and considered as edges; in other words, 
the cylinder was treated as a many-sided prism, this prism 
appearing inscribed within the cylinder. Ina similar manner 


Fic. 33 


it may be conceived that a many-sided pyramid is inscribed 
within a cone, and then its slant edges, which are also ele- 
ments of the cone, used to develop the surface of the cone. 
This may be better understood by reference to Fig. 33 (a), 
(b), and (c). 
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The removal from the cone in (a) of the pieces marked x, 
leaves a solid that may be recognized as a quadrangular 
pyramid—better shown in (6), the pieces being removed 
and shown in an adjacent position. The illustration in (c) 
is a perspective drawing of the parts shown in (a) and (b), 
and is introduced for the purpose of showing the relation 
between the cone and the pyramid to better advantage. 
Comparing these two solids in the figure, it will be seen that 
the edges of the pyramid in (b) correspond to elements of 
the cone in (a). Further, it will be seen that, if the cone 
is covered with paper, as in Fig. 34, and the position of the 
elements noted, the paper afterwards being unrolled as 
shown, the elements may be imagined as leaving their imprint 
on the paper, as at oa, ob, etc., Fig. 34. The position of 


Fic. 34 


these imprints will correspond relatively to the location of 
the elements on the surface of the solid. A figure similar 
to the unrolled covering may be described by the aid of the 
dividers, the boundaries of the development being defined 
by the position of any element chosen at pleasure, notice 
being taken of the first and last contact of such element 
with the drawing during a single revolution of the cone. 
The radius of the are thus described is always equal to the 
true length of an element, and the length of the arc is equal 
to the circumference of the base of the cone. 

Suppose, now, that the surface of the pyramid shown in 
Fig. 33 (6) is covered in a similar manner, the covering being 
afterwards unrolled as shown in Fig. 35. It will be found 
that an arc described with a radius equal to that used for 
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the development of the cone in Fig. 34—that is, equal to 
the true length of an edge of the pyramid—will pass through 


(a) (b) 
Fic. 35 

the points a, b, c, d, and a’, representing the lower extrem- 
ities of the upright edges of the pyramid. These points 
are equally distant from one another as measured on the 
ave 

The only difference between the developments for the two 
solids lies in the fact that, for the cone, the development is 
defined by the circular arc, while in the case of the pyramid, 
straight lines are drawn 
between the points a, b,c, 
etc., as shown in Fig. 


35 (b). 


30. Since the distance 
around the bases of the 
cone and the pyramid 
may be measured on an 
arc whose radius is equal 
to the length of one of 
the elements of the cone 
(or, in the case of the 
pyramid, to the length of 
one of its slant edges), 
such an arc may be de- 
scribed for the stretchout 
of these solids. The 
measurement around the 
solid being taken on a particular line, or base plane, it may 
here be observed that any real or assumed base plane of a 
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cone or pyramid may be used. The base plane must, how- 
ever, always be at right angles to the center line of the cone 
or the pyramid. The length of the radius by which the 
stretchout is described must, in all cases, be equal to the true 
length of the elements in that portion of the solid. 

This is illustrated in Fig. 36, the cone oab being devel- 
oped along a stretchout described with the radius 0b. An 
assumed base may be taken at cd; an arc is then described 
from the center o with the radius od (od being the true 
length of the elements of the cone ocd). If the width of 
a space between the elements on the assumed base c d (meas- 
ured on the plan) is taken in the dividers and spaced off on 
the arc d f, the spaces will be found to coincide with the inter- 
section of the elements in the development drawn from the 
arc be. The same will be found true for any right base that 
may be assumed for the cone. As a matter of precaution, 
it is customary, when drawing developments of the radial 
solids, to describe the stretchout with as long a radius as 
possible, usually not exceeding the length of the longest 
elements or edges shown in the drawing. 

When making a development of a cone or a pyramid on 
the drawing board and on the same sheet of paper that con- 
tains their projection drawings, it is often very convenient to 
locate the center for describing the stretchout at the vertex, 
as was done in Fig. 36. 


Ol. During the study of projection drawing, it was learned 
that measurements for all distances and the position of points 
on the surfaces of regular cones and pyramids, that is, radial 
solids, are determined by means of their radial lines, or 
elements. The same principle must be adhered to when 
developments of such solids are produced. It is essential, 
therefore, that these lines should be shown in their true 
length on drawings from which such developments are pro- 
duced. This will necessitate much work, especially if the 
surfaces are in any way irregular or are intersected by other 
solids. To overcome the necessity for drawing a number of 
views, advantage is taken of a principle that may be observed 
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during the revolution of the solid. This revolution is effected 
in a very simple way on the drawing board, and an illustra- 
tion of the method used is shown in Fig. 37. It will be under- 
stood from an inspection of that figure that if the right cone 
0 ab is revolved on its axis in the direction of the arrow, the 
motion of any point on its surface will be indicated on the 
front view by a horizontal line. When any elements of the 
cone are in the positions occupied by the elements oa andob, 
their true length is shown on the front view, and measure- 
ments may, therefore, be taken from such lines or from any 
points located on them. Lines in this 
position may be called true edge lines, their 
use under this name being peculiar to the 
radial solids. 

When developing the surfaces of pyra- 
= € mids shown in certain positions, it is 
sometimes necessary to draw this true 
edge line independently of the figure. 
Since the elements of a regular cone are 
equal in length, the position of any point 
that may be located on any of these ele- 
ments (as the point whose projections are 
x and x’, located on the element oc, 
Fig. 37) may be projected in a horizontal 
direction to the true edge line oa at x”, 
and the distance from the point o to the 
point x’’ is then the exact, or true, distance 
between the two points. The point x may also be projected 
to the true edge line ob, if desired, to ascertain its distance 
from the vertex. The same result would be obtained if a 
projection drawing were made showing the element oc in its 
true length; but, as seen from the foregoing explanation, the 
method here explained is much shorter. 

The length of the elements of a scalene cone cannot be 
determined in the manner just described. 


PICs si, 


32. A summary of the rules for developing a solid by 
radial lines is as follows, it being understood that solids having 
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circular bases, or polygonal bases inscribed or circumscribed 
in or around a circle, with the axes passing at right angles 
through the center of the bases, are referred to. 

1. At least two projection drawings of the solid must be 
made, preferably placing the solid in such a position within 
the planes of projection that its center line, or axis, is per- 
pendicular to one of the planes. 

2. The development is always obtained from that view in 
which the axis of the solid is shown in its true length (since 
the revolution of the solid may not readily be shown in any 
other view). 

3. The stretchout is described with a radius equal to the 
length of the true edge of the solid. Sometimes its center 
may be conveniently located at the vertex. 

4. To indicate the width and relative position of the 
surfaces, points are located on the stretchout correspond- 
‘ing to the position of those points on the outline of a sec- 
tional or base view. This view must be taken at right 
angles to the axis of the solid, the distance from the vertex 
being determined by the length of the true edge lines in 
the elevation. 

5. Edge lines and interedge lines are always radii of the 
stretchout arc. 

6. Points located on the surface of the solid must be pro- 
jected to the true edge line by projection lines drawn at right 
angles to the axis. 

7. In case the center of the stretchout arc is located at 
the vertex of the solid, developers are described with radii 
equal to the distances on a true edge line from the vertex 
to the points projected to such edge line. Each developer 
extends thence to its corresponding edge line or interedge 
line in the development. 

8. Interedge lines, when necessary for the development, 
must be indicated on the projection as well as on the develop- 
ment. Points located on such lines are projected to the 
true edge lines and thence developed in the usual manner. 

9. The lengths of the otter edge lines in a complete 
development of a solid are equal. 
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33. In the development of surfaces it often becomes 
necessary to lay off on the development the length of curves 
equal to a calculated length. This, in practice, is done in 
two ways, which are by means of a graduated measuring 
wheel or by chords. Other ways of doing this are possible, 
but they are too inconvenient for general use. 

In practice, sheet-metal workers prefer to use the measur- 
ing wheel, which is simply a narrow wheel having a circum- 
ference of 24 inches, and graduated into inches and fractions 
thereof. This wheel is rolled along the curve on which a 
given length is to be laid off; the distance through which the 
wheel has been rolled is read off directly from its graduations, 
and when the graduation showing the desired length comes 
in contact with the sheet a mark is made there, a similar 
mark having been made at the starting point. 

In laying off the length of curves by chords, the total length 
of the curve is divided by some convenient number, the choice 
of the number being purely a matter of judgment. A pair 
of dividers is then set to the value of the quotient, and the 
distance is stepped off on the curve the same number of 
times as the number chosen for a divisor. This method, 
although much used, is inaccurate and will lay off a total 
length slightly greater than called for. 


o4. Prosiem 17. Sheet I—Develop the surface of a 
right, or regular, cone whose base has a diameter of 1? inches 
and whose vertical height is 2 inches. The base is at right 
angles to the axis. Locate the center of the stretchout at 
the vertex of the cone. 


SoLuTion.—Referring to the reduced copy of Sheet I, 
Exercise IV, draw a top and a front view of the cone, with 
the axis perpendicular to the horizontal plane. The center 
of the top view may be located 1? inches from the left border 
line and 2 inches from the upper border line. The vertex, 
in the front view, may be located 23 inches from the center of 
the top view. Divide the outline of the base in the top view 
into a convenient number of equal parts (in this case 12), 


from the vertex a of the cone as a center, describe the stretch- 
154-54 
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out arc bc with a radius equal to the true length of the ele- 
ments of the cone, that is, the distance a 4 in the front view. 
Starting at a convenient point on the stretchout, as at 4, step 
off spaces equal in number and equal in length to those on 
the top view, thereby making the length of the stretchout 
equal to the circumference of the base of the cone. From 
each of the points thus located on the stretchout, an edge 
line may be drawn to the vertex a; but since there are no 
points on the surface of the cone that it is desirable to locate 
in this instance, only the outer edge lines a 4, a4 need be 
drawn to complete the pattern. 


Prosiem 18.—Develop the surface of a right cone having 
a vertical height of 2 inches and a base 14 inches in diameter, 
the base being at right angles to the axis. Draw the pattern 
separate from the projection drawings. 
The center of the top view of the cone may be located 
4 inches from the upper border line and 2} inches from the 
right border line; the vertex of the cone, in the front view, 
may be located 14 inches from the center of the top view. 
The center from which the stretchout arc is described may be 
located 2% inches from the lower border line and 24 inches 
from the right border line. 


35. Prospiem 19. Sheet II.—A right cone having a ver- 
tical height of 3 inches and a base 24 inches in diameter, the 
base being at right angles to the axis, is cut by a plane parallel 
to an element of the cone. This plane cuts the base in the 
manner shown in Fig. 88 (a) and (6). Develop the conical 
surface of that part of the cone shown in full lines. 


SoLuTION.—Referring to the reduced copy of Sheet II, 
Exercise IV, draw a top and a front view of the complete 
cone in accordance with the dimensions given in Fig. 38 (a). 
The center of the top view may be located 3} inches from the 
left border line and 24 inches from the upper border line; 
the front projection of the vertex may be 2 inches from the 
center of the top view. In the top view of the base lay off 
the points 1 and 11, where the cutting plane intersects the 
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circumference, 135° apart. This is 488=% of the circum- 
ference. Hence, if the circumference is divided into eight 
equal parts, or a multiple of eight, say sixteen, parts, the 
points 1 and 11, where the cutting plane intersects the cir- 
cumference, are at once established. Project the points of 
division / to 16 down to the front view and draw the front view 
of the elements; in the front view, parallel to the element 


(a) Fic. 38 


a 1’, draw the line b 1. To get the true length of the elements, 
project the intersection of the elements with the front pro- 
jection of the flat surface over to the element a 1’. 

In the solution shown in the copy of Sheet II, the hori- 
zontal projection of the elements and also of the parabolic 
surface 1s drawn; however, since the development is made 
almost entirely from the front view, these projections may 
be omitted. 
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Next, with a radius equal to the element whose front pro- 
jection is a 1’, draw the stretchout arc, locating its center 
about 2 inches from the right border line and 4 inches from 
the upper border line. On the stretchout arc lay off the dis- 
tances 1—2, 2-8, etc. equal to 1-2, 2-3, etc. up to and inclu- 
ding 10-11 of the top view. Draw the radial edge lines a /, 
a2, etc. and on them lay off the distances a 2’, a3’, etc. 
equal to a 2’, a3’, etc. of thé front. view. 


(a) Fic. 39 (b) 


Qr 


Through the points 1, 2’, 3’, etc. of the development trace 
a curve, thus completing the pattern. 


36. Propiem 20. Sheet II1].—Develop the curved sur- 
face of the frustum of the cone shown in orthographic pro- 
jection in Fig. 39 (a) and in perspective in Fig. 39 (0b). 

Locate the center of the top view 2 inches from the upper 
border line and 3 inches from the left border line; the front 
projection of the vertex may be located 1% inches from its 
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horizontal projection. The center of the stretchout arc may 
be 4 inches from the upper border line and 1} inches from 
the right border line. 


EXERCISE V 


37. In the development of pyramids great care must be 
exercised to observe whether or not the edges in the projec- 
tion drawings show in their true length. In the case of reg- 
ular pyramids, with all slant edges of equal length and a base 
at right angles to the axis, all that is required is that one of 
the slant edges be in a plane parallel to one of the planes of 
projection; likewise, the base should be in a plane parallel 
to one of the planes of projection. 

When the slant edges of a pyramid are of unequal length, 
great care must be exercised to find their true length before 
attempting to lay out the pattern, either by revolving the 
surface bounded by each pair and a base edge until it is 
parallel to a plane of projection, or by using the method of 
constructing a right-angled triangle from the two given pro- 
jections of each edge, or by revolving the edges separately 
into a plane parallel to a plane of projection. 


38. Propiem 21. Sheet I—A pyramid has a square 
base with sides 1} inches long, the base being at right angles 
to the axis. The vertical height of the pyramid is 2 inches. 
Develop the surface of the four sides. 


SOLUTION.—Referring to the reduced copy of Sheet I, 
Exercise V, draw a top and a front view of the pyramid in 
such a way that two of the inclined edges are parallel to the 
front plane, and the sides of the base are parallel to the hori- 
zontal plane, and hence show in their true length. The cen- 
ter of the horizontal view may be 1} inches from the upper 
border line and 24 inches from the left border line, and the 
front projection of the vertex may be 14 inches from its 
horizontal projection. Next, with a center about 24 inches 
from the left border line and 3 inches from the lower border 
line, and a radius equal to the front projection a 7 of an edge, 
draw the stretchout arc and on it step off the lengths 1-2, 
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2-3, etc. of the sides of the base, taken from the horizontal 
view. On the pattern draw the edge lines al, a2, etc, 
and the base lines 1-2, 2-3, etc., thus completing it. 


PROBLEM 22.—A regular hexagonal pyramid whose base 
has sides 1 inch long and is at right angles to the axis has a 
vertical height of 2 inches. Develop the pattern. 

The center of the horizontal projection may be located 
1} inches from the upper border line and 2} inches from the 
right border line; the front projection of the vertex may be 
1} inches from its horizontal projection, if the projection 


a 


Horizor7al AXIS pases _HorizorialN AXIS 
OO OSE EN 


(a) 


drawings are made with the axis of the pyramid perpen- 
dicular to the horizontal plane and with the vertex nearest 
to that plane. The center of the stretchout arc may be 
located 23 inches from the right border line and 3 inches 
from the lower border line. 


Fic. 


389. In making projection drawings of regular pyramids 
with inclined edges of equal length, it is not always convenient 
(although it is possible to do so) to draw the views so that 
one of the equal edges shows in its true length. In such a 
case it is very convenient to use an adaptation of the method 
explained in Art. 31 for the development of regular cones, 
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In Fig. 40 (a) are shown the horizontal and front pro- 
jections of a square-based pyramid in which none of the 
inclined edges show in their true length, because none is in 
a plane parallel to one of the planes of projection. Now, 
as shown in Fig. 40 (0), rotate the pyramid around its axis 
from the original position shown in dotted lines until the 
edge a b is in a plane passing through the axis of the pyramid 
and parallel to the front plane, this auxiliary plane being 
shown by its horizontal trace cd. Then ab’ becomes the 
horizontal projection of the edge ab, and ab, the front pro- 
jection of the same edge, shown in its true length. 

In practice, it is entirely unnecessary, to redraw both views; 
in the case under discussion, in the horizontal view, with a 
as a center and ab as a radius, describe an arc intersecting 
the horizontal trace cd in b’. Project the point b’ into the 
front plane. The front projection of the point b, owing to 
the axis of the pyramid being perpendicular to the hori- 
zontal plane, during the revolution of the pyramid moves 
in a plane parallel to the horizontal plane; the front trace 
of that plane is parallel to the horizontal axis. Then through 
the front projection of the point b draw a line parallel to the 
horizontal axis, intersecting at b, the projection line drawn 
from b’. 

Instead of finding the true length of an edge directly on 
the views of the pyramid in the manner described in Art. 38, 
a right-angled triangle may be constructed in any convenient 
position. In this triangle one of the sides adjacent to the 
right angle will have a length equal to that of one projection 
of the edge, and the other side adjacent to the right angle 
will have a length equal to the perpendicular height of the 
second projection of the edge; in other words, the true length 
is found by triangulation. 


40. Prospiem 23. Sheet 1].—In the octagonal pyramid 
shown in orthographic projection in Fig. 41 (a) and in per- 
spective in Fig. 41 (b) alternate sides are equal, and the base 
is inscribed in a circle 1#¢ inches in diameter. The base is 
at right angles to the axis. Develop the pattern. 
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SoLuTiIon.—Referring to the reduced copy of Sheet II, 
Exercise V, draw the top and the front view in accordance 
with Fig. 41, locating the center of the top view 3 inches 
from the left border line and | inch from the upper border 
line. The front projection of the vertex may be located 
174 inches from the center of the top view. Although all 
slant edges are equal, none shows in its true length. Hence, 
by the method given in Art. 38, or, if preferred, by that 
given in Art. 89, determine the true length a 1’ of one of 
the edges, say a1. With the center a of the stretchout arc 
in any convenient position, say 3 inches from the left border 


(a) Fic. 41 (b) 


line and 3+ inches from the lower border line, and a radius 
equal to a 1’ of the front projection, draw the stretchout arc, 
and on it lay off the lengths /—2, 2-3, etc. of the sides of the 
base, taken from the horizontal view. On the pattern draw 
the base lines 1-2, 2-3, etc., and the radial edge lines a 1, 
a 2, etc., thus completing it. 


PropLem 24.—Develop the surface of the octagonal 
pyramid shown in Fig. 42 (a) and (b). The eight sides are 
equal, and the base is at right angles to the axis. : 

The top view may either be drawn as in Fig. 42, or so that 
two edges show in the front view in their true length. 
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The horizontal projection of the vertex may be located 
1 inch from the upper border line and 3 inches from the right 
border line; the front projection of the vertex may be located 
17 inches from its horizontal projection. The center of 
the stretchout arc may be located 3 inches from the right 
border line and 34 inches from the lower border line. 


41. When a pattern is to be developed for a frustum 
‘of a pyramid, in which frustum one or both ends are not at 
right angles to the axis of the pyramid, it is to be noted that 
in the projection drawings a number of the edges will be fore- 
shortened, and hence their true length must be determined 


it- = 
(a) Fic. 42 (b) 


first of all. When the frustum is cut from a regular pyramid, 
that is, a pyramid having slant edges of equal length and a 
base at right angles to the axis, the true length of each slant 
edge of the frustum, and the true distance from the vertex, 
can be found by projecting to a true edge line, as described in 
Art. 81. When the frustum is drawn so that no edge shows 
in its true length, a true edge line is first determined in the 
manner described in Art. 89, that is, by rotation. 

When a pyramid from which a frustum is cut is irregular, 
that is, if its slant edges are unequal in length and it has no 
equal-sided base, it is customary, in practice, to develop the 
surface of the frustum by triangulation. 
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42. Prosirm 25. Sheet II1]—Develop the pattern for 
the frustum of the regular pyramid shown in Fig. 43 (a) 
and (6). 


SOLUTION.—Referring to the reduced copy of Sheet III, 
Exercise V, draw the horizontal and the front view in accord- 
ance with the dimensions given in Fig. 43. The center of 
the top view may be located 13 inches from the upper border 
line and 13 inches from the left border line; the front pro- 


Fic. 43 


jection of the vertex may be located 1} inches from its hori- 
zontal projection. Examination of Fig. 43 shows that all 
slant edges of the pyramid whose frustum is to be developed 
are of equal length; consequently, it is sufficient to find the 
true length of but one of them, say a1. This may be done 
by the method described in Art. 89. To find the true length 
of the edges 1-1’, 2-2’, etc. of the frustum, project the ends 
1’, 2’, etc. to the true edge line ab, when b 1,, b 2,, etc. will 
be the true length of the edges 1-1’, 2-2’, etc. 
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With a center a located about 3% inches from the upper 
border line and 24 inches from the left border line, and a 
radius equal to the true edge line a b, describe the stretchout 
arc and on it step off in succession the lengths of the base 
edges 1-2, 2-3, etc., taken from the top view, where they 
show in their true length, since the base was drawn parallel 
to the horizontal plane. On the pattern draw the base lines 
1-2, 2-8, etc., and the radial edge lines a 1, a 2, etc. On the 
radial edge lines lay off from the center a the distances a 1,, 


Fic. 44 


a 2,, etc. equal to a1,, a 2,, etc. of the front projection; or, 
what is the same thing, lay off 1-1,, 2-2,, etc. equal to b 1,, 
b2,, etc. On the pattern, draw the straight lines 1-2 


2,-3,, etc., thus completing it. nk 


PROBLEM 26.—Develop the frustum of the pyramid shown 
in Fig. 44 (a) and (b). 

Locate the horizontal projection of the vertex 13 inches 
from the upper border line and 44 inches from the right 
border line; locate the front projection of the vertex 14 inches 
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from its horizontal projection. The center of the stretchout 
arc may be located 4 inches from the upper border line and 
34 inches from the right border line. 


EXERCISE YI 


43. No new principles are encountered in the develop- 
ment of the surfaces of intersecting radial solids. The great- 


Vertical \Axls 


est of care, however, is necessary to draw correctly the pro- 
jections of the miter line on the several projection drawings 
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from which the developments are made, and to find the true 
length of all elements used for development, which are fore- 
shortened. As a general rule, the elements used for finding 
the miter line can also be used to advantage for the develop- 
ment, thereby doing away with unnecessary multiplication 
of lines on the projection drawings. 


ProBLEM 27. Sheets I and II]—Develop the pattern for 
the smaller -of the intersecting cones shown in Fig. 45 (a) 
and (b), and that part of the pattern for the larger cone that 
contains the miter line. 


So_utTion.—Referring to the reduced copy of Sheet I, 
Exercise VI, draw a front and a side view of the cones in 
accordance with Fig. 45. The front projection of the vertex 
of the large cone may be located 53 inches from the left border 
line and 44 inches from the upper border line. The side pro- 
jection of the vertex may be located 24 inches from the right 
border line. The two projections of the miter line having 
been carefully and accurately drawn, draw any convenient 
number of equally spaced elements, say twelve, on the front 
projection of the smaller cone. There is no need of draw- 
ing the side projections of these twelve elements. 

Referring to the reduced copy of Sheet II, locate the cen- 
ter a of the stretchout arc 4 inches from the upper border 
line and 44 inches from the left border line. With the cor- 
rect length a7, Sheet I, of an element as a radius, describe 
the stretchout are on Sheet II and on it lay off the length 
of the circumference of the base. Divide the stretchout into 
twelve equal parts and draw the radial edge lines a /, a 2, 
etc. On these edge lines is to be laid off the correct distance 
between the vertex a, Sheet I, of the small cone and the 
miter line, on each corresponding element; in other words, 
the correct length of the projections a1’, a2’, etc. By 
projecting to a true edge line, find the true length of these 
distances and transfer them to the corresponding edge lines 
of Sheet II. Through the points 1’, 2’, etc. thus laid off 
draw a curve, thus completing the pattern for the small cone. 


§ 20 DEVELOPMENT OF SURFACES 73 


To draw the development of the miter line for the large 
cone, in the side view of Sheet I draw the radial lines 
b1 and b11 tangent to the side ‘projection of the miter 
line. Divide that part of the side projection of the base 
that is included between the points 1 and 11 into any con- 
venient number of equal parts, say ten, and project the points 
of division to the front projection of the base. Then draw 
the front projection 6 1, b 2, 
etc. of the elements. Note 
carefully where these elements 
intersect the front projection 
of the miter line, and project 
these points of intersection to 
a true edge line, as bc, to 
obtain the true distances 
from the vertex b to the in- 
tersections of the several ele- 
ments with the miter line. 
Referring now to Sheet II, 
locate the center 0b of the 
stretchout arc for the large 
cone about 4 inches from the 
upper border line and 4 inch 
from the right border line; 
with a radius bc, Sheet I, 
which is the slant height of 
the cone, describe the stretch- 
out are and on it lay off the 
distances 1—2, 2-3, etc., taken 
from the horizontal view of 
Sheet I. Draw the edge lines 
b 1, b 2, etc. and on them lay 
off the distances b 1,, b 2,, etc., and b1,, b2,, etc., taken from 
the front view of Sheet I. Through the points 1/,, 2,, etc. 
and 2,, 3,, draw a curve, thus completing the pattern. 


Fic. 46 


44, Although, as a general rule, the development of the 
surface of a cone intersected by some solid is best accom- 


74 DEVELOPMENT OF SURFACES § 20 


plished by radial lines, as was done in Problem 27, cases 
will arise in practice in which it is very difficult to do so. 
These cases are those where projections of elements cross 
the projection of the miter line at such a small angle that 
the intersections of the elements with the miter line cannot 
be determined with any degree of accuracy. 

In Fig. 46 are presented two views of an intersecting cone 
and cylinder in which development of the miter line of the 
cone by elements is very difficult. The development may 
readily be made, however, by using the following method: 
Through the cone, at right angles to its axis, pass a cutting 
plane. The intersection of this plane with the cone is the 
line a in the front view and the circle b in the horizontal view. 
Since the circle b is in a plane parallel to the horizontal plane, 
the are ¢ d shows in its true length. In any convenient loca- 
tion draw the projection ef of an element, intersecting the 
are cd ab g. 

To obtain the position of the points c and d of the miter 
line on the development, develop the circle b, which, on the 
pattern, becomes an arc having a radius hz. On the pattern 
draw an edge line corresponding to ef, and to both sides 
of its intersection with the arc having the radius hz lay off 
the length of the arcs gc and gd. 

To establish more points for the development of the miter 
line, pass more cutting planes through the cone and proceed 
as just described. 


45. Progpiem 28. Sheets III and 1V—Develop the pat- 
tern for the cylinder, and develop the miter line on the 
pattern for the cone, for the intersecting cylinder and cone 
shown in Fig. 47. 


SoLuTIoN.—Referring to the reduced copy of Sheet III, 
Exercise VI, draw the front and side views in accordance 
with the dimensions given in Fig. 47, using particular care 
to draw accurately the projections of the miter line. Locate 
the front projection of the vertex 4 inches from the upper 
border line and 54 inches from the left border line; locate 
the side projection of the vertex 2% inches from the right 
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border line. Referring to the reduced copy of Sheet IV, 
Exercise VI, draw the stretchout for the cylinder about 
1 inch from the left border line and #3 inch from the lower 
border line. Develop the pattern for the cylinder by parallel 
lines, using any convenient number. The true length of 


eee ees 


berticol Axls 


a 


the edge lines is given in both views, the elements in this case 
being parallel to both the front and the side plane. 

To develop the miter line of the cone, through any con- 
venient number of points on the miter line, say the points 
1’, 2’, etc. on Sheet ILI, pass cutting planes and draw the front 
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and side projections of their intersections with the surface of 
the cone. It is not necessary to draw the complete side 
projection of these intersections; it is sufficient to draw arcs 
intersecting the side projection of the miter line. Through 
any convenient point of the side projection of the miter line, 
say the point 4’, draw the side projection ab of an element. 

On Sheet IV, Exercise VI, locate the center a of the stretch- 
out arc 4 inches from the upper border line and 1 inch from 
the right border line. With radii a 4,, a 3,, a 2,, etc., taken 
from Sheet III, describe arcs with the center of the stretch- 
out arc as a center. Draw the edge line ab, corresponding 
to the side projection of the element ab, Sheet HII. To 
corresponding sides of the edge line ab, Sheet IV, and on the 
arcs, lay off the length of the arcs c 1’, c 2, etc., taken from 
Sheet III. Through the points 1’, 2’, etc. trace a curve, 
thus completing the pattern. 


DEVELOPMENT BY TRIANGULATION 


EXERCISE VII 


46. Triangulation, which is the process by which the 
development of solids belonging to the third*general division 
is accomplished, is sometimes regarded as_ particularly 
intricate and difficult. It is, on the contrary, a very simple 
method of development, and should present no serious 
obstacles. This process depends for its results on two gen- 
eral principles: first, to find the true length of all lines, real 
or assumed, appearing on the surfaces of the solid; second, 
having determined the true length of such lines, to construct 
triangles similar in form and relation to those shown on the 
solid. The construction of a triangle whose three sides are 
given is a very simple problem; and the task of finding, from 
the projection drawings, the true lengths of its sides involves 
nothing but the elementary principles of that study. Having 
found the true lengths of the sides of such triangles as are 
involved in a development, nothing remains but the arrange- 
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ment of the triangles in their proper relation to one another 
on the different surfaces of the solids. 


47. Although the development of surfaces by triangula- 
tion is usually applied to solids having curved surfaces, it is 
best illustrated by its application 
to a solid having plane surfaces. 
Such a solid is shown in Fig. 48, 
which gives a perspective view of 
what may be termed a transition 
piece—that is, a piece used to con- 
nect openings of different sizes, as 
in pipework. Both bases are rectangular, and, in this case, 
parallel, but diagonally arranged in their relation to each 
other, as may be seen from the figure. 

It is at once seen that none of the methods described for 
the development of the surfaces of solids by parallel or radial 
lines will apply to the development of the lateral surfaces 
of this solid, although it is possible to project a full view of 
each of the surfaces shown in the figure. This, however, 
involves more work than is necessary, and the same result may 

h —=4 _ be secured by a shorter method. 
=a . Clearly, a reproduction of these 
triangular surfaces on the flat sur- 
face of the drawing board, in the 
same relative position to one an- 
other, will be a development of the 
solid. The only difficulty is that, 
in certain cases, the sides of the 
triangles are not shown in their 
true lengths. It is necessary to 
determine the true lengths of all 
lines, in order that the triangles 
may be constructed of the same 
size as they are on the surfaces of 

Fic. 49 the solid. 

As in most cases where a development is desired, two pro- 

jection drawings must first be made. This is shown in 


Fic. 48 
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Fig. 49, from which it is seen that all lines of the solid that 
appear on either base are shown in their true length. It is 
therefore necessary, before the triangles may be produced, 
to determine the true lengths of the remaining lines of the 
solid. This is most readily accomplished by constructing, 
in each case, a right-angled triangle whose base is equal to 
the length of any foreshortened line in the top view, and 
whose altitude is equal to the vertical height of the same line, 
as shown in the front view. The hypotenuse of such a tri- 
angle will then be equal to the true length of the line. In 
this case, the lines ah, dh, ae, be, etc., foreshortened in the 
top view, are all represented by lines of the same length. 
The vertical height m, Fig. 49, is the same in the case of each 
= line. 

A single triangle constructed by the 
above method, therefore, will be sufficient 
to indicate the true length of all lines not 

h shown in their true length in Fig. 49. 
Fie. 50 Such a triangle is constructed in Fig. 50; 
the base of the triangle ah, Fig. 50, is equal to the length 
of ah, Fig. 49, the altitude m being the same at m, Fig. 49. 
The hypotenuse of this triangle is therefore the true lengths 
of the lines ah, dh, etc. as shown in Fig. 49. The true length 
of all lines bordering the triangular surfaces of the solid shown 
in Fig. 49 having been found, the triangles may now be con- 
structed, care being observed to complete the adjacent tri- 
angles in the same order they are shown on the solid. Any 
edge of the solid may be assumed as a starting place for the 
operation; the true length of such an edge is then laid off on 
aline, as ae, Fig. 51. The triangle ae 6, Fig. 51, is first con- 
structed; the length of the side ae having been laid off, and 
be, Fig. 49, being of the same length, an arc may be 
described in Fig. 51 from e as a center, with a radius equal 
toae. Intersect this arc at b, Fig. 51, with one described 
from a as a center, with a radius equal to ab, Fig. 49. 
Draw ab and eb, thus developing the triangle ae lb, 


Fig. 51, which is the correct development of the surface ae b, 
Fig. 49. 
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The adjacent triatigle eb}, Fig. 51, may next be. con- 
structed. Since b7 is equal to be, Fig. 49, an arc may be 


described in Fig. 51 from b as a center with a radius be; 
this arc is then intersected by an are described from e as a 


2 
(a) Fre, 52 


center, with a radius equal to the length of ef, Fig. 49, thus 
developing the triangle e bf, Fig. 51, which corresponds to 
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the surface eb f, Fig. 49. In like manner, each surface of 
the solid is developed, due care being observed that adja- 
cent triangles are placed in corresponding positions in the 
development. 


48. Except in the case of solids all of whose surfaces are 
planes, development by triangulation, as carried out in prac- 
tice, is not mathematically correct. Some of the lines of 
triangles on curved surfaces are curved, and since, in tri- 
angulation, they are assumed to be straight, they are taken 
as slightly shorter than they are in reality. This is shown 
in Fig. 52, which shows in (a) a perspective drawing of a 
frustum of a regular cone, and in (b) two projection draw- 
ings of the same frustum. In Fig. 52 (a) the lines ab and 
cd are elements of the cone and hence are straight lines; 
the line ad, however, which is drawn on the surface of the 
frustum so as to be the shortest distance between the points a 
and d, is a curved line. In practice, the projections of the 
line ad are always drawn as straight lines, and consequently 
the true length of the straight line ad, as determined from its 
projections, is slightly less than the length of the curved 
line ad drawn on the solid, as in (a). 

Although development of curved surfaces by triangulation 
as carried out in practice is not mathematically exact, the 
error is so slight and is so greatly overshadowed by unavoid- 
able inaccuracies of workimanship that for all practical pur- 
poses the method can safely be, and is, considered as correct. 


49. In practice, especially in large sheet-metal and plate 
work, development by triangulation is applied to many sur- 
faces that can be developed by parallel or radial lines. The 
reasons for giving the preference to triangulation in such 
cases are of a purely practical nature, such, for instance, as 
that straightedges of the required size are not available: 
that the weight of the material is so great that it is hard to 
handle; or that the center of the stretchout arc in radial 
developments falls outside of the sheet on which the develop- 
ment is to be made. As a matter of fact, most sheet-metal 
workers use triangulation almost to the exclusion of the 
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other methods, and for this reason the principles involved 
should be thoroughly understood. 


50. Prositem 29. Sheet I.—Develop by triangulation 
the conical surface of the frustum of a cone of which’ two 
projection drawings are presented in Fig. 53. 

SoLution.—Referring to the reduced copy of Sheet I, 
Exercise VII, draw the horizontal and front views, locating 
the center of the horizontal view 

1 inches from the left border 
line and 2 inches from the upper 
border line. The front projec- 
tion of the base may be drawn 
4 inch from the lower border line. 
Divide the horizontal projections 
of the top and base into any 
convenient number of equal 
parts, say twelve; that is, divide 
one quarter of the top and base 
into three equal parts. Project 
the points of division to the front 
view. Draw the horizontal and 
front projections 4-4’, 5-8’, etc. 
of the elements, and draw the 
horizontal and front projections 
4-6’, 5-6", etc. of the straight 
lines joining the points of divi- 
sion 4 and 4’, 5 and 6”, etc. 

Since the cone has a circular 
cross-section and the base and 
top of the frustum are at right 

Bie. $2 angles to the axis, the ele- 
ments 4-4’, 5-6’, etc. have the same length; likewise, the 
lines 4-6’, 5-6’, etc. are equal. Consequently, it is necessary 
to determine the true length of one element only, say 7-7’, 
and of one line joining corresponding points of division, say 
6-7’. To do this, draw the two right-angled triangles shown, 
making their height equal to the height 7—7’ of the front pro- 
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jection and their bases equal to the lengths 7-7” and 6-7” of 
the horizontal projection. The hypotenuses 7-7” and 6-7’ 
are the true lengths of the corresponding projections. 

Begin the laying out of the pattern by drawing a straight 
line parallel to the upper border line and 4 inches from it, 
laying off on it the true length of the element 7-7’, locating 7 
about 24 inches from the right border line. With the point 7 
as a center and the length of the arc 7-6 in the horizontal 
view as a radius, describe the arc ab. With the point 7 
as a center and the true length of the line 6-7’ as a radius, 
describe the arc cd. The inter- 
section of the two arcs locates 
the point 6 of the pattern. With 
the point 6 as a center and the 
true length of 7-7’ as a radius, 
describe an arc as shown; also, 
with the point 7’ as a center and 
the length of the arc 7’—6’ as a 
radius, describe another arc as 
shown. The intersection of the 
two arcs locates the point 6’ of 


(a) Fic. 54 (b) 


the pattern. In the same manner find the corners of the 
other triangles, completing the pattern by drawing the out- 
lines through the points 1-2-3, etc., and 1’—2’-8’, etc., and 
also the straight lines 1-1’. 


51. Prosirem 30. Sheet II.—Develop the curved sur- 
face of the frustum of a scalene cone of which two projec- 
tion draw ngs and a perspective view are shown in Fig. 54 (a) 
and (0b). 
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SOLUTION.—Referring to Sheet II, Exercise VII, draw the 
two projections of the frustum according to the dimensions 
given in Fig. 54, Jocating the horizontal projection of the 
center of the base 24 inches from the upper border line and 
1¢ inches from the left border line. The front projection of 
the base may be drawn 14 inches from the lower border line. 

Examination of the horizontal view shows that the center 
line ab, Fig. 54, divides the frustum into two symmetrical 
parts. Referring again to Sheet II, divide the horizontal 
projections of one-half the top and 
base, located on the same side of 
the center line ab, into the same 
number of equal parts, say six. 
Project the points of division to 
the front view and draw the tri- 
angles. In this case no two tri- 
angles located on one side of the 
center line ab are alike. Find 
the true. length of all the lines, 
noting that the lines 1-1’ and 
7-7’ show in their true length in 


(a) Fic. 55 (0) 


the front view, since they are parallel to the front plane. 

With the true length of the various lines, and of the arcs 
1-2, 1'-2’, etc., which arcs are shown in their true length 
in the horizontal view, the pattern can now be drawn. 


52. Prozpiem 31. Sheet I1I].—Develop the curved sur- 
face of the transition piece of which two projection drawings 
and a perspective view are shown in Fig. 55 (a) and (0). 
Observe that the center lines ab and cd divide the hori- 
zontal view into four symmetrical parts. 
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The horizontal projection of the center of the upper sur- 
face may be located 25 inches from the upper border line 
and 1} inches from the left border line; the front projection 
of the same surface may be located 24 inches from the hori- 
zontal projection of its center. 


EXERCISE VIII 


53. In the various problems of development by  tri- 
angulation that have so far been presented the end surfaces 
of the solids developed were parallel, and consequently pro- 
jection drawings of these solids could be made with the end 
surfaces parallel to a principal plane of projection, so that 
their circumferences showed on the plane in their true length. 
In practice, many solids are encountered in which either 
plane end surfaces are not parallel, or one or more end sur- 
faces are curved; and hence projection drawings on prin- 


cipal planes will not show the true length of the circumferences 
of such surfaces. 

Two cases in point are shown in Fig. 56; in (a) is shown a 
two-jointed tapering, or reducing, elbow, and in (6) a tran- 
sition piece joined to a cylinder. Referring to Fig. 56 (a), 
it is readily seen that neither one of the two parts A and B 
of the elbow can be drawn in projection so that both ends 
will be parallel to a plane of projection. In this case a pro- 
jection drawing is made so that one end surface is parallel 
to a plane of projection, and then a full view of the other end 
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is drawn; on this full view the circumference is divided as 
may be convenient, and the points of division for the 40- 
angles are projected to the several views, as shown in Fig. 57. 
When the projection of the inclined end of the cone, and also 
of its full view, are projected from evenly spaced elements, 
as was done in Fig. 57, the points on the circumference of 
the full view through which the projection lines pass are not 
equidistant. Thus, consulting the full view in Fig. 57, it 
is seen at once that the 
part 1’—2’ of the ellipse 
is smaller than the part 
2'-3’, Likewise, the 
part 2’—-3” is smaller than 
the part 3’-4’. 
Ee For the purpose of 
developing the curved 
Z, surface of the frustum, 
it is feasible to divide 
the full view of the in- 
clined end into the same 
number of equal spaces 
as the full view of the 
base, shown in the hori- 
zontal view, and to draw 
triangles to suit these 
divisions. In practice, 
however, it is custom- 
ary to make use of the 
same points and ele- 
ments by which the full view of the inclined end was deter- 
mined, in order to keep down the number of lines on the 
drawing. In making the development, care must then be 
exercised to find separately the correct length of each part 
of the ellipse constituting the full view, the parts being of 
unequal length, as just pointed out. 
A reducing elbow of the form shown in Fig. 56 (a) is 
not necessarily composed of frustums of regular cones; for 
various reasons satisfactory to the designer the cross-sections 
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of the ends may have almost any shape. In such cases the 
projections of the joint between the parts A and B of 
Fig. 56 (a) must be drawn from the given full view. In. prac- 
tice, the full view would then be divided into a convenient 
number of equal spaces, equal in number to that into which 
the full view of the base 1s divided. 


54. Proprem 32. Sheet I.—Develop the curved sur- 
face of the transition piece of which projection drawings and 
a perspective view are shown 
in Fig. 58 (a) and (6). Ob- 
serve that the transition piece 
is symmetrical in respect to 
the plane represented by the 
b center line ab. 


” 


af 
2 


SOLUTION. — Referring to 
the reduced copy of Sheet I, 
Exercise VIII, draw the two 
projections of the transition 
piece, projecting the horizon- 


(a) Fic. 58 (b) 


tal view of the upper end from the full view. For pro- 
jecting the horizontal view of the upper end, divide its 
full view into any convenient number of equal parts, say 
twelve. The center of the horizontal view may be located 
1} inches from the upper border line and 14 inches from 
the left border line. The front-projection of the base may 
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be drawn 4 inch from the lower border line. Divide 
the horizontal view of the base into the same number of 
equal parts as the full view of the upper end. On one side 
of the center line ab draw the horizontal projections of tri- 
angles to the points of division; also project and draw the front 
projection of the triangles. By triangulation determine the 
true length of the lines 1’—2, 2-2’, etc., noting that the lines 
1-1’ and 7-7’ show in their true 
length in the front view, since 
they are parallel with the front 
plane. Observing that the length 
of the sides 1—2, 2-3, etc. of the 
triangles 1-2-1’, 2-3-2’, etc. is 
taken from the horizontal view, 
and that the length of the sides 
1’—2’, 2’—3’, etc. of the triangles 


(a) Fic. 59 


1’-2-2’, 2'-3-8’, etc. is taken from the full view, that the 
sides 1—2, 2-8, etc. are equal, and that the sides 1’-2’, 2’-3’, 
etc. are equal, the pattern can be developed without further 
instruction. 


55. Prosrem 33. Sheet II.—Develop the transition 
piece having a rectangular base and a circular upper end of 
which projection drawings and a perspective view are shown 
in Fig. 59 (a) and (b). Observe that the transition piece is 
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symmetrical in respect to the plane represented by the center 
line a b. 

The center of the horizontal view may be located 1} inches 
from the upper border line and 13 inches from the left border 
line; the front projection of the base may be located } inch 


from the lower border line. 


56. Prospiem 34. Sheet III—An eccentric transition 
piece having a circular upper end and a base of which the hori- 
zontal projection is circular, as shown in Fig. 60 (a) and (6), 
Develop the curved surface of the 
transition piece. Observe that 
the transition piece is symmet- 
rical in respect to the plane repre- 
sented by the center line ab. 


joins a circular pipe. 


SOLUTION.— Refering to the 
reduced copy of Sheet III, Exer- 
cise VIII, draw the two projections 
in accordance with the dimensions 
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(a) Fic. 60 (b) 
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given in Fig. 60, locating the center of the horizontal 
projection of the base 1% inches from the upper border 
line and 1} inches from the left border line. Divide one of 
the symmetrical halves of the horizontal projection of 
the upper end and base into the same number of equal 
parts, say eight; project the points of division to the front 
view, and draw the horizontal and front projections of the 
triangles 1-1’—2, 2-2’-3, etc. Next develop the curved base 
either by triangulation or by parallel lines, the latter being 
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more convenient in this case; these lines should be passed 
through the points of division 2; 3, etc. The stretchout for 
the base is obviously the length of the arc / to 9 in the front 
view. Complete the development of the base by tracing a 
curve through the points laid off on the edge lines; the cor- 
rect lengths of the arcs 1-2, 2-3, etc. of the horizontal view 
are given on the developed base. 

Find by triangulation the correct length of the lines 1’—2, 
2’—2, etc., noting that the lines 1-1’ and 9-9’ show in the 
front view in their true length. With the correct lengths 
of the arcs 1-2, 2-3, etc. (which are unequal), taken from 
the developed base, and the correct lengths of the arcs 1’—2’, 


(a) Fic. 61 (b) 


2’—3’, etc. (which are equal), taken from the horizontal view, 
the pattern can be developed and completed without further 
instruction. 


57. When the surface of a solid that is to be developed 
is composed of plane and curved surfaces, the junctions of 
such surfaces must be taken as edge lines for the develop- 
ment. Thus, in the solid shown in Fig. 61 (a) and (), which 
is composed of two semicylinders A and B, and a rectangular 
prism C, the junctions ab, cd, a’b’, and c’d’ of the curved 
surfaces aa’ b’b and cc’ d’d with the flat surfaces abcd 
and a’ b’ cd’ are taken as edge lines.. The reason for this 
is that in forming the article the bending for the curved sur- 
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faces begins at the junctions, and consequently these lines 
are needed on the pattern to show the workman where to 
begin the bending operation. 


58. Propiem 35. Sheet 1V.—Develop the curved sur- 
face of the transition piece of which projection drawings and 
a perspective view are shown in Fig. 62 (a) and (b)° Observe 
that the planes represented by 
the center lines ab and cd divide 
the solid into four symmetrical 
parts. 

The center of the horizontal 
view may be located 1% inches 
from the left border line and 


u 
& 
a 
(a) Fic. 62 (b) 


12 inches from the upper border line; the front projection of 
the top may be drawn 34 inches from the upper border line. 
Observe that, if for the purpose of development the horti- 
zontal projection of the curved base is divided into equal 
parts, the corresponding points of division on the circum- 
ference of the developed base will be unequally spaced. 
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DEVELOPMENT OF SPHERE 


DEVELOPMENT BY ZONES 


59. A sphere is one of the many solids that cannot be 
accuratel¥ developed by any method. In practice, results 
sufficiently accurate for 
most purposes are pro- 
duced by two methods. 

In the method illus- 
trated in Fig. 63 the 
sphere is divided by 
cutting planes into a 
number of zones, as A, 
BAG and 9. sandmeaen 
of these zones is con- 
sidered as the frustum 
of acone. Knowing 
the height of each frus- 
tum and its large and 
small diameter, the ver- 
tex of the cone of which 
it forms a part is easily 
found. Each frustum 
is developed by radial 
lines. 

If the sphere is built 
up from patterns devel- 
oped as frustums of 
cones, its appearance 
will be as in Fig. 63; if 
a closer approximation 
to the correct form is 
desired, the low part 

Fic. 63 of each zone must be 
raised by stretching the metal by hammering. 
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DEVELOPMENT BY GORES 


60. In the method of developing a sphere that is shown 
in Fig. 64 the sphere is divided into wedge-shaped pieces, 
called gores, by passing a number of cutting planes through 
its center; hence the method is spoken of as development by 
gores. Opposite gores, which lie between the same pair of 
cutting planes, as the gores A, A in the figure, are considered 
to be part of the curved surface of a cylinder. The curved 


Development of Gore A 


Fic. 64 


surface of the gores is then developed in the same manner 
as the curved surface of a cylinder, that is, as a usual rule, by 
parallel lines. In practice, the sphere is divided into equal 
gores, so that it is necessary to develop but one. 

As in the case of development by zones, the method at 
development by gores gives only an approximation to the 
spherical shape and raising of the metal must be resorted to 
if a closer approximation is desired. 
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A 
Abaft, §15, p4 
Abbreviations on drawings, §14, p9 
used on drawings §15, p53 
Accuracy, Importance of, $19, p46; §20, p23 
Accurate developments, §2, p4 
dimensions to be given in decimals, §14, 
pal 
Acute angles, §13, p5 
Aft, or after, §15, p4 
After perpendicular, $15, pp21, 27 
Air port, §17, p51 
ports, Light and, §15, Fig. 12; §17, p5l 
Altitude of a triangle, §13, p7 
of prism or cylinder, §13, p12 
American-Hawaiian Steamship 
steamers, §15, p19 
or U. S. standard, thread, $14, p3+t 
Angle, §14, p11; $15, p43 
butt strap, §15, p43 
of projection, §19, p7 
To bisect a given, $13, p59 
Angles, §13, p3 
and shapes, Designating sizes of, $15, p47 
Flange, §14, pp78, 89 
Measuring, §13, p9 
Method of indicating sizes of structural 
steel, §14, p92 
To draw, with triangles, §13, p21 
A. P., After perpendicular, §15, p21 
Apertures, Drawing outlines of, $14, p82 
Approximate and exact dimensions, where 
necessary, §18, p26 
developments, §20, pp5, 63 
Arce, $13, p& 
equal to given circumference, To lay off, 
§13, pl1s 


Company 


Arce method of secondary projectors, §19, p42 
of same length as given 
To find, §13, p67 
To find center of, §13, p63 
To find straight line of same length as, 
$13, p68 
Arch, §17, p23 
Assembly drawings, §14, p2 
Athwartships, §15, p3 
Awning-deck ship, §15, pl4 
Axial line, §19, p63 
Axis of symmetry, $18, p13 


straight line, 


B 


Babbitt, lead, and soft metal, Indicating, 
on drawings, $14, p15 
Barge, §15, p2 
Base line, $19, p16 
of a triangle, §13, p7 
Basis of projection, $19, p41 
Battens, Cargo, §16, pp9, 22, 61 
for drawing curves, §15, p23 
Beam, §15, p22 
brackets, $16, p50 
cambers, §15, p34 
compasses, §13, p30 
Beams, Deck, §15, p11 
Hatch, §16, p18 
earing and coupling, $14, p69 
Bevels, Open and closed, $15, p43 
Bilge bracket, §15, p11; $16, pp9, 21 
ceiling, $16, p60 
keel, $16, pp9, 22 
shell plate, §15, pil 
stringer, $16, p60 
Blade of rudder, $17, p26 
Block coefficient, $15, p5 


il INDEX 


Block letters, §13, p46 
letters, Sloping letters resembling, §13, 
p47 ; 
Boat, §15, pl 
Body, Dead-flat or middle, §15, p5 
lines, §15, p27 
plan, §15, p27 
plan and offsets, §16, p3 
Boom and fittings, Cargo, $16, p76 
band, $16, pp69, 72 
cap, $16, p76 
Cargo, $16, p64 
Bolt heads and nuts, Diagram of standard, 
§14, p43 
heads, Conventional method of drawing, 
$14, pp40, 42 
Views of a square-headed, §13, p85 
Bolts, nuts, set, and cap screws, Table of 
dimensions of standard, $14, p47 
Bottom chords, §14, p89 
Double, §15, p12 
of screw thread, §14, p29 
Bounding bar, $16, p30 
Bow, §15, p4 
-pencil and bow-pen, §13, p28 
Bracket, Deck-beam, $15, pll, Figs. 11, 34 
Brackets, $15, pll 
Beam, §16, p50 
Bilge, §15, pll 
Brass and copper alloys, 
drawings, $14, p15 
Breadth, §15, p22 
Molded, §15, p22 
Breaks, Method of 
ings, $14, pll 
on structural drawings, Method of indi- 
cating, $14, p91 
Bridge, $15, p12 
Broken ends of shipbuilding 
Method of showing, $15, p43 
Bulb angle, $15, p43 
-angle sizes, $15, p47 
Bulkhead, $16, p52 
Transverse, Plate 1055, §16, p52 
Bulwark, §15, pll 
Bushing sketched with one view, §18, p7 
Butterfly nut, $17, p62 
Butt straps, Thickness of, §15, p46 
Buttocks, §15, p28; §16, p6 
Butts, §15, p40 
and edges, Riveting of, $15, p48 
of adjacent strakes, Shifting of, §16, p23 


Indicating, on 


indicating, on draw- 


shapes 


Cc 


Calipers, §18, p20 
Measuring diameters with, §18, p24 
Camber, §15, pp30, 34 


Camber, Beam, §15, p34 
Cargo boom, §16, p&0 
Boom and fittings, Plate 1057, §16, p76 
boom and rigging, Description of, $16, p64 
Casting, Sketching a machine, $18, p35 
Caulking, plate seams, Method of, §15, 
pp43, 50 
Cc. B. P., Center between perpendiculars, 
§15, pp27, 33 
Ceiling, Bilge, $16, p60 
in cargo holds, Wood, §16, p2t 
plan, §16, p9 
Center between perpendiculars, (C. B. P), 
$15, pp27, 33 
girder, §15, pll 
line, §15, p4 
-line keelson, $16, p26 
-line partition for grain-carrying 
§16, p20 
lines, §14, p14 
lines and proportions, §18, pl4 
lines on tracings, When to draw, $14, p20 
of circle, §13, p8 
Distance of, from a plane surface, §18, 
p29 
Centers, Establishing, §18, p27 
of gear-wheels, Distance between, §18, 
p29 
Changes in thickness of plate and other 
members, §16, p24 
Channel, §14, pll 
Channels, §15, p43 
Designating size of, $15, p47 
Direction of toe of, in frames, §15, p52 
Chord distance, Measurement of, §20, p34 
of circle, $13, pS 
Chords, Bottom and top, §14, p89 
Circle, §13, p&; §19, p81 
To divide circumference of, 
four, or eight parts, $13, p22 
Circles, Sections which form, $13, p102 
Circumference into two, four, or 
parts, To divide, §13, p22 
of circle, §13, p8 
To lay off arc equal to a giver, §13, p115 
Circumscribed polygons, $13, p9 
Classes of ships according to framing and 
decks, $15, pl4 
Classification of solids, §20, p3 
rules, $16, p24 
Cleaning drawings, §13, p33 
Cleat, §16, pp67, 81 
Clinker plating, §15, p43 
Clip, §15, p52; §16, p9 
Doubling, §16, p34 
Clips, §14, p90 
Shell, §16, p16 


ship, 


into two, 


eight 
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Club foot, §15, p32 
Coaming, Hatch, §15, p4 
Coating for inner bottom, coal 
etc., §16, p24 
Coefficient, Block, §15, p5 
Midship-section, §15, p5 
Prismatic, §15, p6 
Water-line, §15, p6 
Coefficients, §15, ppS, 6 
Compasses, §13, p26 
Beam, §13, p30 
Commutator, §14, p78 
Concentric circles, $13, p8 
Concrete, Indicating, on drawings, $14, p15 
Cone and cylinder, Intersection of, §19, p95 
and pyramid, Relation of, §20, p36 
Development of, §20, p44 
Development of frustum of, §20, p46 
Development of intersecting, §20, p47 
Development of irregular frustum of, §20, 
p46 
Development of scalene, §20, p61 
Development of surface of section of, 
$13, pll4 
Elements of, §19, p82 
elements, Intersection of, §19, p96 
Projection of, §19, p68 
Cones, 313, p12 
Conic sections, §13, p98; §19, p8l 
Connecting-rod, Sketch of, $18, p12 
Construction lines for developments, §20, p18 
Contour, Molded, §16, p/7 
Contraction and expansion of tracings, $14, 
p20 
Conventional methods of representing 
screws, §14, p29 
section, §14, p64; §18, pill 
Converting decimals into 
tions, §13, p103 
Cored, Meaning of, on drawing, §14, p9 
Counter, or overhang, §15, p31; $17, p26 
Coupling and bearing, $14, p69 
Covers, Hatch, §16, p17 
Cross-section paper, §18, p3 
-section paper, Use of, $18, p4 
-Section, Plate 1052, §16, pl 
-sectioning to indicate material, §18, p17 
-sections shown on plan, $14, p62 
Crown of pulley rim, $14, p67 
Cruiser stern, §17, p26 
Cube, Development of, §20, p15 
Projection of, §19, p55 
Sections of, $19, p71 
Cubes, $13, pll 
Curve, Irregular or French, §13, p35 
Curved outlines or fillets, Measurement of, 
§18, p34 


bunkers, 


common _ frac- 


Curved surfaces, Measuring distances be- 
tween, $18, p23 
Curves, Ship, §15, pp24, 25 
Substitute for splines or ship, §15, p24 
Cutting plane, §13, p93 
-plane lines and sections, §18, p16 
plane, Method of representing, §19, p72 
Cylinder and cone, Intersection of, §19, p95 
and prism, Intersection of, $19, p91; §20, 


pss 
and sphere, Intersection of, §19, p99; $20, 
p3s 


Development of, §20, p27 
Development of intersecting, §20, p35 
Intersecting, §19, p93 
Intersection of, §20, p35 
Oblique section of a, $13, pl01 
Projection of, §19, p94 
Sections of, $19, p65 
Views of, §13, pp82, 96 
Cylinders, §13, pll 
Intersections of, §13, p105 
Cylindrical surface, Measuring length of, 
$18, p22 


D 


Dead cover or dead light, §17, pp51, 56 
-flat middle body, §15, p5 
-rise, §15, ppll, 28 
-rise line, §16, p6 
weight, §15, p3 
Decagon, A, §13, p6 
Decimals for accurate dimensions, $14, p81 
into common fractions, Converting, $13, 
p03 
Deck, §15, p3 
-beam brackets, $15, pli 
beams, §15, pll 
Complete, §15, p4 
heights, §15, p32 
line, Molded, §16, p44 
Plan, Plate 1054, $16, p43 
plating, §15, pll 
stringer, §15, pll 
Decks, Classification of ships according to 
framing and, §15, pl4 
Names of, §15, p7 
Deep framing, §15, p11 
Definitions, §13, pl; §15, pl 
of terms used on drawings, $14, p9 - 
Degrees, §13, p9 
Depth, §15, p22 
Molded, §15, p22; §16, p6 
of screw thread, §14, p30 
Description of cargo boom and 
§16, p64 
Detail drawings, §14, p2 


rigging, 


IV INDEX 


Details, Simple machine, $14, p24 
Structural, §15, p39 
that should appear on pencil drawings, 
§14, p28 
Developers, §20, p18 
Development, §20, pl 
Accurate, §20, pl 
Approximate, §20, pp5, 63 
by parallel lines, §20, pp5, 13 
by radial lines, §20, pp, 36 
by triangulation, §20, pp9, 49 
Finishing of, §20, p19 
Importance of certain views in, §20, p13 
Method used in, §20, p2 
of cone, §20, p44 
of conic frustum, §20, p46 
of conical surfaces, §20, p44 
of cube, §20, p15 
of cylinder, §20, p27 
of cylindrical surfaces, §26, p27 
of frustum of hexagonal pyramid, §20, 
p46 
of intersected cylinder, §20, pp28, 33 
of intersected prism, §20, pp28, 31 
of intersected solids, $20, p20 
of intersecting cones, $20, p47 
of intersecting cylinder and sphere, §20, 
pss 
of intersecting cylinders, §20, p29 
of intersecting prisms, §20, p3l 
of intricate solids, $20, p32 
of irregular intersecting cylinders, §20, 
p33 
of irregular solids, §20, pp54, 56 
of octagonal pyramid, §20, p45 
of pentagonal prism, §20, p26 
of pyramid, $20, pp44, 57 
of quadrangular pyramid, §20, p44 
of scalene cone, §20, pél 
of sphere, §20, p64 
of surface of section of cone, §13, pll4 
Position of parallel, §20, p15 
Position of radial, §20, p41 
Developments—I, Drawing Plate, §20, p25 
—II, Drawing Plate, §20, p31 
—III, Drawing Plate, §20, p33 
—IV, Drawing Plate, §20, p44 
—V, Drawing Plate, §20, p53 
Intersections and, §13, p105 
Rules for parallel, §20, p24 
Rules for radial, §20, p42 
Diagonal, §13, p7 
A, §15, p28 
Diagonals, §15, p33 
Diagrams for laying out square-thread 
screws, $14, p36 
Diameter of circle, §13, p8 


Diameter of screw, §14, p29 
Diameters and spacing of rivets, $15, p44 
too large for calipers, Measuring, §18, 
p24 
Diamond plates, §15, pll 
Different views, To draw, §19, p15 
Dimension figures on drawings, §13, p88 
lines, §14, p14; §19, p14 
Dimensions, Method of indicating accu- 
rate and approximate, on drawings, §14, 
psl 
of a ship, Principal, §15, p21 
of plates, Method of indicating, §16, p23 
on drawings, Method of writing, §14, p9 
Where exact and approximate, are neces- 
sary, $18, p26 
Directions for sending in work, §13, p51 
Displacement, §15, p2 
Distance between points on a plane sur- 
face, Measurement of, $18, p22 
-piece, Views of, §13, p86 
Dividers, §13, p28 
Division of solids, how accomplished, §20, 
plo 
Dog and bushing, Details of, §17, p3 
Dogs, §17, pp2, 61 
Door and hinge, Details of, §17, p5 
Elevation of, $17, p7 
handle, §17, pé 
Water-tight, §17, pl 
Double bottom, §15, p12 
bottom, Top of, §15, pll 
thread, §14, p30 
Doubling, $16, p45 
clip, $16, p34 
plates, $16, p45 
Draft, Load, $15, p4 
Mean, §15, p4 
Draftsmen, Duties of, §14, p3 
Drawing board, §13, p14 
Definition of, §13, pl 
ink and pens, $13, p30 
Inking the, §13, p57 
instruments and their use, §13, pl4 
paper, $13, p15 
paper, Fastening, §13, p15 
pencils, $13, p17 
Perspective, §19, p3 
plates, The, §13, p50 
-room symbols, §14, pil 
Title and number of, §14, p8 
To read a, §19, p33 
Use of a section, §19, p70 
with triangles, $13, p17 
Working, $19, p2 
Drawings and drawing practice, §14, pl 
Cleaning, §13, p33 


INDEX : 


Drawings, Lines used on, $13, p56 
Numbering of, §14, p21 
Scales of, §14, p5 
Working, §14, pl 

Drill and steel-wire gauge, Morse, §14, p49 
Meaning of, on drawing, §14, p9 

Driven size of rivet, §14, p93 

Driving fit, $14, p9 

Duties of draftsmen, §14, p3 


E 


Eccentric circles, §13, p9 
Edge laps of shell and deck plating, §15, 
pll 
lines, §20, pp17, 25 
lines, True, §20, p41 
Edges, Sight and landing, §15, pp41, 42 
Elements of cone, $19, p82 
of cones and cylinders, §13, pls 
Elevation, §13, p75; §19, p9 
Sectional, §14, p24 
Ellipse, §19, p82 
Conic sections forming an, §13, p98 
To draw, §13, p69 
End elevation of rudder post, §17, p34 
Equilateral triangle, §13, p6 
Equipment number, §16, p26 
Erasers, $13, p33 
Erasing on drawing paper 
cloth, §14, p21 
Establishing centers, §18, p27 
Exact and approximate dimensions, where 
necessary, §18, p26 
Expansion and contraction ot tracings, $14, 
p20 
trunk, §15, p20 
Eye, $16, p70; §17, p64 
and lug, Distinction between, $16, p70 
Eyebolt, §14, pp45, 49 


and tracing 


KF 


“f all over, Meaning of, $14, p9 
Fair lines, §15, p23 
Feather edge, §15, p41 
Field rivets, $14, p13 
Figures on drawings, Dimension, §13, p88 
Fillers, §14, p90; §15, p42 
Fillets, $14, p65 
or curved outlines, Measurement of, §18, 
p34 
Filling-in strake, §16, p11 
Fillister-head screw, §14, p43 
Fined, fining, §15, p5 
Finish marks, §14, p9 
marks on sketches, $18, pl/ 
Finishing a development, §20, p19 
Firebrick, Indicating, on drawings, §14, p15 


First-angle projection, §14, pp23, 39; §19, p7 
-angle projection, Reading, §19, p56 
number, §16, p25 

Fixed light (port), §17, p51 

Flange angles, §14, p89 

Flanged plate, §15, p43, Fig. 31 

Flare, §15, p32 

Flat bar, §14, pll 
keel, §16, p26 
keel, Detail of, §16, p37 

Floor, §16, p9 

Floors, §15, p1l 
Intercostal, $15, pll 
Forecastle, §15, p12 

Forced fit, §14, p9 

Fore, $15, p4 
foot, §15, p33 
-foot casting, §17, p15 

Foreshortened views, §19, p10 

Forms, Geometrical, §19, pll 
Recognition of radial, §20, p49 

Forward, §15, p4 
perpendicular, §15, pp21, 27 

Fractions, Converting decimals into com- 

mon, §13, p103 
Method of writing, on drawings, §14, p9 
Fragmentary views, §18, p13 
Frame, Direction of toe of channels in, 
§15, p52 
line, §15, p52 
spacing, $15, p52 

Frames, §15, ppll, 52 
Reverse, §15, pll 
Size of, above the double bottom, §16, p26 
Web, §15, pll; §16, p57 

Framing, Deep, §15. ppl1, 13 
Isherwood system of, $15, p19 
Transverse, $15, pll 

Freeboard, §15, p4 

Freehand drawing, Definition of, $13, pl 

Freight steamer for general ocean traffic, 

§15, pls 

French curve, §13, p35 

Front elevation, §13, p52; §19, p9 

Frustum, Development of conic, $20, p46 
of cone, Development of irregular, §20, 

p46 
of pyramid or cone, §13, pls 
of pramid, Development of, §20, p46 

Full view, §19, p43 
view, Position of, $19, p52 
heads, $17, p12 
-scantling ship, $15, pl4 


G 


Garboard, $15, pll 
Gauge diameter of small holes, $14, p51 
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Gauge line of rivets, §16, p38 
Surface, §18, p21 
Twist-drill and steel-wire, §14, p49 
Gear-wheels, Measuring distance between 
centers of, §18, p29 
Gears, Pitch of, §18, p29 
General drawings, §14, p2 
instructions, $14, p& 
Geometrical drawing, Definition of, §13, pl 
drawing plates, See Plates 
forms, §19, pll 
problems, Purpose and use of, $13, p49 
Girder, Hatch, $16, p47 
Girders, Steel, §14, p89 
Glass and stone, Indicating, on drawings, 
$14, p15 
Gooseneck, $16, p77 
Gores, Pattern for sphere by, §20, p65 
Grain-carrying ship, Center-line partition 
for, §16, p20 
Gripper sketched with two, or three, views, 
$18, ps8 
Gross tonnage, $15, pl6 
Grounds, §16, p21 
Gudgeon, Detail of lower, §17, p45 
Rudder, §17, p26 
Gunwale, §16, p6 
Gusset plate, §16, p20 
Guys, $16, p66 


H 


Half siding, §16, p12, Fig. 2; §17, p? 
‘Hand wheel and pulley, §14, pél 
Hatch, §15, p3 
beams, $16, p18 
coaming, §15, p4; §16, p19 
covers, §16, p17 
girder, $16, p47 
section, §15, p43 
Hatches, Location of deck-plate seam at, 
§16, pl6 
Height between decks, §15, p32 
of screw thread, §14, p30 
Helical forms, §14, p52 
Helix, To draw, §13, p72 
Helixes, To draw, §14, p54 
Heptagon, $13, p5 
Hexagon, §13, p5 
To inscribe, in circle, $13, p64 
Hexagonal pyramid, Development of frus- 
tum of, §20, p46 
Hidden-surface lines, §14, p14 
surfaces, §19, p58 
Tlinge, Details of door and, §17, p5 
Hinges, §17, p58 
Hogging, §15, pll 
Hold, §15, p4 


Iloles, Drawing outlines of, $14, p82 
for given size of rivet, Size of, $14, p23 
To measure inside dimensions of, §18, 
p25 
Horizontal line, §13, p2 
plane, §19, p17 
Hull, §15, p3 
number, §15, p50 
Hyperbola, Conic section 
p100 
Hypotenuse of a triangle, §13, p7 


forming a, §13, 


rT 


I beam, §14, pll 
Imagination, Help of the, $19, p13 
Importance of accuracy, §19, p46 
of correct projection, $20, p59 
In-and-out plating, §15, p43; $16, pll 
way of, $15, p42; §16, p52 
Inboard, §15, p17 
Inclined lines, §19, p26 
planes, §19, p40 
-solids, §19, p61 
Ink and pens, Drawing, §13, p30 
Inking in of figures, §13, p°7 
the drawing, §13, p57 
Inner bottom, §15, p11; §16, p26 
bottom, Plan of, §16, p32 
bottom, Protection of from dampnéss, $16, 
p24 
trace of margin, $16, p54 
Inscribed polygons, $13, p9 
Inside dimensions: Holes, $18, p25 
strake, §15, p41 
Intercostal, Definition of, §15, p12 
floors, §15, pll 
Interedge lines, §20, pp23, 25 
Intersection of cylinder and cone, $19, p95 
of cylinder and flattened rod, §13, p112 
of cylinder and prism, §19, p91 
of cylinder and sphere, §19, p99 
of prism, $19, p88 
of solids, $20, p20 
Point of, §13, p3 
Intersections—I, Drawing Plate, $19, p37 
—II, Drawing Plate, §19, p93 
and developments, $13, p105 
General instructions for, $19, p92 
of cones, $19, p26 
of cylinders, $19, p93 
Intricate solids, Development of, §20, p32 
Irregular curve, $13, p35 
intersection of cylinders, 
§20, p33 
solid, Development of, §20, pp54, 56 
solid, Projection of, §19, p78 
solid, Section of, §19, p78 


Pattern for, 
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Irregularly outlined surface, Projection of, 
$19, pp4s, 54 
Iren, Indicating cast, on drawings, §14, p15 
Indicating wrought, on drawings, $14, p15 
Isherwood system of framing, §15, p19 
Isosceles triangle, §13, p6 


J 


Joggled frames, $16, p8 
plate, §15, p40 
plating, §15, p43 

Joints, Plate, §15, p40 
Shifting of, §16, p23 
Water-tight, §15, p50 


LS 


Keel, §15, pp4, 11; §16, p26 
Bilge, §16, p22 
Keelson, $15, pll 
Keelsons, §16, p9 - 
Keys, Conventional method of represent- 
ing, §14, p4é 
Knuckle, §15, pp32, 41, 42 
of plate, §15, p42 


L 


TL, 23}y TEAS fore Tb 1k ss Ailey yopit 
L. L., Load water-line, §15, p21 
TO n eA. S15; 022 
Landing edge, §15, pp41, 42 
Lap, Scarfed, §15, p42 
Lapped joint, §15, p40 
Laps, Butt, §15, pil 
of plating, §15, pll 
straps, and rivets, Tables of, §15, pp43, 
44, 46, 48 
Launching ways, Ship on, §15, p25 
Laying off the stretchout, §20, p16 
Lead, Babbitt, and soft metal, Indicating, 
on drawings, §14, p15 
of a thread, §14, p30 
Leather, Indicating, on drawings, $14, p15 
Left-handed screw, §14, p3l 
Length between perpendiculars, §15, p21 
of a cylindrical surface, §18, p22 
of structural members, Manner of giving, 
on drawings, $14, p97 : 
on load water-line, §15, p21 
over all (L. O. A.), §15, p22 
Lengthening bar, §13, p29 
Lengths of a ship, §15, p21 
Lettering, $13, p37 
and finishing drawings, §13, p57 
Single-stroke slant, §13, p39 
Single-stroke vertical, §13, p44 
Letters, Block, §13, p46 
Light of glass, §17, p51 
-frame, §17, pp51, 55 


Lightening holes, §16, p14 
Line, Axial, §19, p63 
Base, §19, pl6 
Center, §19, p59 - 
Development by radial, §20, pp8, 36 
Edge, §20, pp17, 25 
in a development, Finish of, $20, p19 
Inclined position of, $19, p26 
Miter, §19, p87 
Oblique position of, §19, p33 
of sight, §19, pS 
of sight, Foot of, §19, p17 
Projection of, §19, p21 
Right position of, $19, p21 
To find arc same length as 
straight, §13, p67 
To find the true length of, §19, p35 
True edge, §20, p41 
Liners, §15, p42 
Lines, §13, p2 
Center, §14, p14; §19, p59 
Dimension, §14, p14 
Drawing, §15, p23 
Interedge, §20, pp23, 25 
Plate 1051, §15, p23 
representing hidden surfaces, $14, pl4 
Section, §13, p87 
Shade, §13, p115 
Surface, $14, p14 
used on drawings, §13, p56; §14, p14 
List of material, §14, p22 
Lloyd's classification rules, §16, p24 
length, $16. p25 
Load draft, §15, p4 
water-line, §15, p21 
Longitudinal, $16, p26 
Detail of, §16, p42 
or side keelson, View of, §16, p36 . 
Lug and eye, Distinction between, §16, p70 


given 


M 


Machine details, §14, p24 
screws, Table of standard wood and, §14, 
p4s 
Machines, Sketching complete, §18, p40 
Margin plate, §15, pll 
Traces of, §16, p54 
Marks and numbers on parts, §15, p50 
Mast support, §16, p62 
Material list, $14, p22 
Method of indicating, on sketches, §18, 
pl7 
Materials for sketching, $18, p2 
Section lining to represent different, §14, 
pls 
Mean draft, §15, p4 
Measuring angles, §13, p9 
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Measuring instruments, $18, p17 
Measurement of chord distances, §20, p34 
Measurements on sketch, Writing, §18, p22 
Mechanical drawing, Definition of, $13, pl; 
$14, pl 
Mensuration, Definition of, $13, pl 
Method of triangulation, $20, p49 
Micrometer measurements, Method of writ- 
ing on drawing, $14, p? 
Middle body, Dead-flat or parallel, $15, p5 
Midship section, §15, p4 
-section coefficient, §15, p5 
Miter line, §19, p87 
Modified methods of triangulation, §20, pod 
Moisture of the air, Influence of, on trac- 
ings, $14, p20 
Molded breadth, or molded beam, $15, p22 
deck line, §16, p44 
depth, §15, p22; §16, p6 
line, §15, p22 
side line, §16, p6 
Morse twist-drill and 
Table of, §14, p49 


steel-wire gauge, 


N 


Net tonnage, §15, p16 
Numbering of drawings, §14, p21 
Numbers, First and second, $16, p25 
Nut, Details of, §17, p5 
Nuts and bolt heads, Diagram of standard, 
$14, p43 
Conventional method of drawing, §14, p41 


oO 


Oblique angles, §13, p5 

irregular surface, $19, p54 

lines, §13, p3 

position of line, $19, p33 

position of plane, $19, p49 

position of solid, §19, p61 

triangle, $13, p6 
Observer, Position of, §19, p4 
Octagon, §13, pS 

To inscribe, in circle, $13, p65 
Octagonal prism, Intersected, §20, p28 

pyramid, Development of, $20, p45 
Offsets and body plan, §16, p3 

Method of recording, §16, p3 
Oil-carrying or tank, steamer, §15, p19 

-tight deck, Construction of, $16, p46 
Orlop deck, §15, p8 
Orthographic projection, §19, pl 
Outboard, §15, p17 
Outer trace of margin, $16, p54 
Outgauge of rivets, $16, p38 
Outlines of holes, Drawing, §14, p82 
Outside diameters, Measuring, §13, p23 


Outside strake, §15, p41~ 
Oval, To draw, §13, p68 
Over-all dimensions, To determine, §18, p26 
Overhang, §15, p3l 
P 
Panama Canal traffic, Passenger and 
freight steamer for, §15, p17 
Paper, Drawing, §13, p15 
Parabola, $19, p84 
Section forming a, §13, p100 
To draw, §13, p71 
Parallel developments, Rules for, $20, p24 
lines, $13, p3 
lines, Solids developed on, §20, p5 
lines, to Draw, with triangles, §13, p18 
middle body, §15, p5 
planes, Distance between, $18, p22 
Parallelograms, §13, p7 
Part number, §14, p22 
Parts of a ship, §15, pp10, 14 
of a ship, Location of, §16, p9 
Passenger and freight steamer for Panama 
Canal traffic, §15, p17 
Pattern for T joint, §20, p25 
number, S14, p22 
Relation of surfaces in a, §20, pl 
Patterns, $14, p69 
Peak tanks,, §15, p13 
Pen, Ruling, §13, p31 
Pencil drawing, Suggestions for making, 
$14, p18 
drawing and tracings, §14, p10 
drawings, Details that should appear on, 
$14, p28 
Pencils, Drawing, $13, p17 
Pens, Drawing ink and, §13, p30 
Pentagon, $13, p5 
To inscribe, in circle, $13, p65 
Pentagonal prism, Development of, §20, p26 
Perfect and imperfect thread on pipe, §14, 
p52 
Perimeter, $13, p6 
Perpendicular lines, §13, p3 
to a line, To draw a, §13, p20 
Perpendiculars, Forward and after, §15, 
pp21, 27 
Perspective drawing, $19, p3 
Pillars, or stanchions, §15, pll; §16, p20 
Pintle, §17, p23 
Pintles, Details of intermediate, $17, p42 
Pipe, Table of standard steam, gas, and 
water, §14, p50 
Piston on cross-section paper, Sketch of, 
§18, p6 
Pitch of gears, §18, p29 
of thread, §14, p30 
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Pitch of rivets, $14, p91 
Placing views on sketches, $18, p14 
Plan, §13, p51 
view, $13, p75 
Plane, $19, p36 
Cutting, §13, p98; §19, p72 
cutting cylinder, §19, p77 
cutting irregular solid, §19, p78 
cutting prism, $19, p75 
cutting pyramid, §19, p76 
figures, $13, pS 
inclined, Position of, §19, p40 
oblique, Position of, $19, p49 
of projection, §19, p16 
Projection of, §19, p16 
surface, Distance between points on, §18, 
p23 
surfaces, §19, p36 
To determine position of, §19, p37 
Plate 1051: Lines, §15, p23 
1052: Cross-Section, §16, pl 
1053: Keel, Vertical Keel, Inner Bottom, 
and Longitudinal, §16, p26 
1054: Deck Plan, §16, p43 
1055: Transverse Bulkhead, $16, p52 
1056: Rigging Details, §16, p68 
1057: Cargo Boom and Fittings, $16, p76 
1058: Water-Tight Door, $17, pl 
1059: Stem, §17, p8 
1060: Stern Frame and Rudder Arrange- 
ment, §17, p27 
1061: Stern Frame and Rudder Details, 
$17, p42 
1062: Air Port, §17, p51 
Commutator, $14, p78 
Coupling and Bearing, §14, p69 
Details, §14, p31 
Conic Sections, §13, p98 
Developments—I, §20, p25 
Developments—II, §20, p31 
Developments—IITI, §20, p33 
Developments—IV, §20, p44 
Developments—V, §20, p53 
Drawing-Room Symbols, §14, pll 
Geometrical Drawing—I, Problems 1 to 4, 


§13, p52 

Geometrical Drawing—II, Problems 5 
to 9, §13, p59 

Geometrical Drawing—III, Problems 10 
to 15, §13, p62 

Geometrical Drawing—IV, Problems 16 
to 21, §13, p65 

Geometrical Drawing—V, Problems 22 


to 26, $13, p68 
Hand Wheel and Pulley, §14, p6l 
Helical Forms, §14, p52 
Intersections and Developments, $13, p105 


Plate, Intersections—I, §19, p87 
Intersections—I1, §19, p93 
joints, §15, p40 
number, $14, p21 
Projections—I, §13, p79; $19, p15 
Projections—II1, §13, p90; $19, p47 
Projections—III, §19, p63 
Sections—I, §19, p70 
Sections—IT, §19, p81 
Simple Machine Details, $14, p24 
Steel Girders, §14, p89 
Plates, §15, p39 
and shapes, Designating weight of, §15, 
p47 
Method of indicating dimensions of, §16, 
p23 
Size of, §14, p8; §15, p50 
The drawing, $13, p50 
Plating, Clinker, §14, p43 
In-and-out, §15, p43 
Joggled, §15, p43 
Main-deck, §15, pll 
Shell, §15, pll 
Plumb-bob, §18, p21 
Point, A, §13, p2 
of thread of screw, $14, p29 
Projection of, §19, p20 
Polygon, To construct a regular, §13, p67 
To inscribe, in circle, §13, p66 
Polygons, §13, p5 
To inscribe, with triangles, $13, p23 
Poop, §15, p12 
Port, §15, p4, Fig. 1 
-frame, $17, p52 
Ports, Light and air, §15, Fig. 12; §17 p51 
Position of full views, §19, p52 
of observer, §19, p4 
of parallel developments, §20, p15 
of plane, How determined, $19, p37 
of radial developments, §20, p4l 
of sections, §19, p9 
Positions of views, §14, p23 
Pounce, Use of, on tracing cloth, $14, p20 
Primary projectors, §19, p18 
Principal dimensions of a ship, $15, p2l 
Prism and cylinder, Intersection of, §19, 
p91; §20, p35 
Intersected, §20, p35 
Intersecting, §19, p88; §20, p3l 
Pentagonal, §20, p26 
Projection of, $19, p59 
Sections of, §19, p75 
Views of a hexagonal, $13, pp82, 94 
Views of a rectangular, $13, pp79 90 
Prismatic coefficient, §15, p6 
Prisms, $13, pll 
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Problem 1, To bisect a straight line, $13, p53 
2 and 3, To draw perpendiculars, §13, p54 
4, To draw parallels, §13, p55 
5, To bisect a given angle, $13, p59 
6, To divide a given straight line into 
any required number of equal parts, 
$13, p60 

7, To draw a straight line through any 
given point on a given straight line to 
make any required angle with that 
line, §13, p61 

8, To draw an equilateral triangle one 
side of which is given, $13, p6l 

9, The altitude of an equilateral triangle 
being given, to draw the triangle, $13, 
p6l 

10, Two sides and the included angle of 
a triangle being given, to construct 
the triangle, §13, p62 

11, To draw a parallelogram when the 
sides and one of the angles are given, 
§13, p63 

12, An are and its radius being given, to 
find the center, $12. p63 

13, To pass a circumference through any 
three points not in the same straight 
line, $13, p63 

14, To inscribe a 
circle, $13, p64 

15, To inscribe a regular hexagon in a 
given circle, §13, p64 

16, To inscribe a regular pentagon in a 
given circle, §13, p65 

17, To inscribe a regular octagon in a 
given circle, §13, p65 

18, Lo inscribe a regular polygon of any 
number of sides in a given circle, §13, 
p66 

19, The side of a regular polygon being 
given, to construct the polygon, §13, 
p67 

20, To find an arc of a circle having a 
known radius, which shall be equal in 
length to a given straight line, §13, p67 

21, An are of a circle being given, to 

find a straight line of the same length, 

§13, p6s 

2, To draw an egg-shaped oval, §13, p68 

3, To draw an ellipse, the diameters 

being given, §13, p69 

24, To draw an ellipse by circular ares, 
$13, p70 

25, To draw a parabola, the axis and 
longest double ordinate being given, 
§13, p71 

26, To draw 
diameter being given, $13, p72 


square in a given 


Quadrangular 


a helix, the lead and the 


Projection, Angles of, §19, p7 


Basis of, §19, p41 

drawing, §13, p74 

drawing, Proof of, §19, p25 
First-angle and third-angle, §14, p23 
Importance of correct, $20, p59 
lines, $18, pl6 

of cone, §19, p68 

of cube, §19, p55 

of cylinder, §19, p94 

of intersecting prisms, §19, p88 
of irregular solids, §19, p78 

of line, §19, p21 

of plane, §19, p38 

of point, $19, p20 

of prism, §19, p59 

of pyramid, §19, p7o 

of scalene cone, §19, p85 

of solids, §19, p55 
Orthographic, §19, pl 

Views necessary in, $19, p6 


Projections, Planes of, $19, p16 


--I, Drawing Plate, §13, p79; §19, p15 
—II, Drawing Plate, §13, p90; §19, p47 
—III, Drawing Plate, §19, p63 


Projectors, §19, p18 


Are method of secondary, §19, p42 
Primary, $19, p18 
Secondary, $19, p18 


Proof of projection drawing, $19, p25 
Propeller aperture, $17, p23 


post, $17, p23 
post, Elevation of, §17, p32 


Proportions and center lines, §18, p14 
Protection of inner bottom, $16, p24 
Protractor, §13, p24 

Pulley and hand wheel, $14, p61 


or wheel, Measuring the diameter of, 
§18, p25 
Sketch of, §18, p15 


Purpose and use of geometrical problems, 


§13, p49 


Pyramid and cone, Relation of, §20, p36 


Development of, §20, pp44, 57 
Development of frustum of, §20, p46 
Projection of, §19, p76 

Sections of, §19, p75 

Views of a hexagonal, §13, pp34, 95 


Pyramids, §13, p12 


Q 


pyramid, Development of, 


$20, p44 


Quadrilateral, A, §13, p5 


R 
Radial developments, §20, p8 
forms, §20, p49 
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Radial lines, Development by, §20, p36 
solids, Revolution of, $20, p40 
solids, Stretchouts for, §20, p39 
Radius, $13, p8& 
Rail, Main, §15, p11 
Ream or reamed, Meaning of, on drawing, 
$14, p9 
Rear elevation, $19, p9 
Rectangle, §13, p7 
Regular inscribed polygons, §13, p23 
polygon, §13, p6 
Reinforcing plates, $14, p90 
Relation of pyramid and cone, $20, p36 
Repetition of parts, Views of objects show- 
ing, §18, pl3 
Representation of objects, $13, p74 
Retaining ring, §17, p56 
Reverse frames, §15, ppll, 52 
Revolution of radial solids, §20, p40 
Rhomboid, $13, p7 
Rhombus, §13, p7 
Rigging details, Plate 1056, §16, p68 
Right-handed screw, §14, p3l 
position of line, §20, p21 
Ring nut, §17, p62 
Views of cast-iron cylindrical, $13, p87 
Rise, Dead, §15, p28 
of the floor, §15, p28 
Rivet holes for given size of rivet, Size of, 
§14, p93 
Size of, before and after driving, $14, p93 
spacing, §15, pp44, 45, 46 
Views of, §13, p84 
Riveting of butts and edges, $15, p48 
tables, §15, pp44, 45, 46 
Rivets, Conventional signs for structural, 
§14, p12 
Diameters and spacing of, $15, p44 
Distance of, from end or edge, $16, pl4 
Outgauge of, $16, p38 
Pitch of, $14, p91 
Representation of, on structural 
ings, $14, p%6 
Spacing of, §14, p91 
straps, and laps, Tables of, §15, pp43, 44, 
46, 48 
Root diameter of screw, $i4, p29 
Round and otherwise undefined corners, 
Distance between, $18, p22 
Rubber and wood fiber, Indicating, on 
drawings, §14, p15 
Rudder and stern frame, $17, p22 
arms, Plan of, §17, p41 
arrangement, Stern frame and, $17, p27 
Balanced, §17, p26 
blade, $17, p26 
details, Stern frame and, §17, p42 


draw- 


Rudder, Elevation of, $17, p35 
frame and plate, §17, p39 
post, $17, p23 
-stock coupling, §17, p46 

Rule, Standard steel, §18, pls 
Two-foot §18, pls 

Ruling pens, §13, p31 

Rules, Classification, §16, p24 
for parallel developments, §20, p24 
for radial developments, §20, p42 


Ss 


Safety collar, Sketch of, $18, p10 
Sagging, §15, p12 
Scale, Method of reading, $14, p5 
To make a special, §14, p7 
Scalene cone, Development of, §20, p61 
cone, Projection of, $19, p85 
triangle, §13, p6 
Seales, $13, p34 
of drawings, §14, p5 
Scarf joint, $17, pll 
riveting, Details of, §17, p49 
Scarfed lap, $15, p42 
Searph. See scarf 
Scow, §15, p2 
Screw heads, Conventional methods of rep- 
resenting, §14, p45 
heads, Diagram of standard, §14, p43 
heads, Methods of drawing, $14, p44 
Method of drawing adjusting, §14, p57 
Pitch and lead of, §14, p30 
Point of thread of, §14, p29 
Right- and left-hand, §14, p31 
thread, Method of indicating location of 
hidden, §14, p39 
threads, Conventional 
cating, $14, pp36, 38 
threads, Methods of drawing, §14, p31 
Screws, bolts, nuts, set, and cap, Table of 
dimensions of standard, $14, p47 
Conventional methods of representing, 


method for indi- 


$14, p29 

Diagrams for laying out square-thread, 
§14, p36 

Table of standard machine and wood, 
§14, p48 


Seams, §15, p40 

Method of caulking plate, §15, pp43, 50 
Secondary projectors, §19, p18 

projectors, Arc method of, §19, p42 
Section, Conventional, $14, p64; §18, pll 

drawings, §19, p9 

drawings, Use of, §19, p70 

how represented, §19, p73 

lines, §13, p87 

lines, Direction of, on same piece, $14, p16 


XII INDEX 


Section of cube, §19, p71 
of cylinder, $19, p77 
of irregular solid, §19, p78 
of prism, §19, p75 
of pyramid, §19, p75 
of scalene cone, §19, p85 
of sphere, §19, p71 
Position of, §19, p9 
Sketch of an object requiring a, $18, p9 
Sectional elevation, §14, p24 
Sections, $15, p28 
and cutting-plane lines, §18, p16 
and section lining, §14, p15 
Conic, §13, p98; §19, p81 
—I, Drawing Plate, §19, p70 
—II, Drawing Plate, §19, p81 
of thin material, Indicating, §14, p15 
shown on plan, §14, p62 
which form circles, §i2, p102 
Sector, §13, p8 
Segment of circle, $13, p& 
Sending in work, Directions for, §13, p51 
Seller’s triangular, or VW, thread (Amer- 
ican, or U. S. Standard), §14, p34 
Separate parts indicated by section lining, 
§14, pl6 
Set of plans, §19, p10 
Setscrews, Forms of, §14, p44 
Shackle and shackle pin, §16, p68 
Shade lines, $13, p115; $19, p4 
lines, $18, p16 
Shapes and angles, 
$15, p43 
Tron or steel, $14, pll 
Methods of showing broken, on 
ings, §15, p43 
Sharpening drawing pencils, $13, p17 
Sheathing, or ceiling, $16, p21 
Sheer, §15, p30 
drawing, §15, p27 
strake, §16, pll 
strake, Main deck, §15, pll 
Sheet number, §14, p21 
Shell clips, $16, ppl6, 46 
Shelter-deck ship, $15, p14 
Ship, §15, pl 
curves, §15, p25 
Names of parts of, §15, pl0 
on launching ways, $15, p25 
-shaped, §15, p5 
Shipbuilders’ terms, §15, p3 
Ships classed according 
decks, $15, p14 
Structural designation of, $15, p7 
Types of, §15, p7 
Shoe, §17, p23 
Shop marks on structural steel, §14, p92 


Designating size of, 


draw- 


to framing and 


Shop rivets, §14, p13 
Shrinking fit, $14, p9 
Side elevation, $19, p9 
view, §19, p9 
girder, $15, pll 
keelson, §15, pll 
stringers, §15, pll 
Sight edge, $15, pp41, 42 
Line of, §19, p6 
Single-deck vessel, §15, p8 
-stroke slant lettering, §13, p39 
-stroke vertical lettering, $13, p44 
thread, §14, p30 
Size of plates, $14, p8 
Sizes of material, Variations allowable in, 


§16, p14 
Sketch of an object requiring two views, 
§18, p8& 
of an object requiring three views, §18, 
p9 


of two or more objects fitted together, 
$18, p12 
Sketching a machine casting, §18, p35 
complete machines, §18, p39 
materials, §18, p2 
Sketches, Definition of, §18, pl 
Sloping letters resembling block 
$13, p47 
Solids, §13, p10 
Classification of, §20, p3 
Development of, §20, p5 
Development of intersected, §20, p20 
Development of intricate, §20, p32 
how divided into classes, $20, p10 
Trregular, §20, pp54, 56 
Projection of, §19, p55 
Projection of irregular, §19, p78 
Revolution of radial, §20, p40 
Sections of irregular, $19, p78 
Stretchouts for parallel, $20, p14 
Stretchouts for radial, §20, p39 
Spacing, Frame, $15, p52 
of letters, $13, p38 
Spar-deck ship, §15, p14 
Sphere, §13, p13 
and cylinder, 
$20, p35 
Development of, $20, p64 
Sections of, §19, p71 
Spheres, $13, p13 
Splines, §15, p23 
Spring, To draw helical, §14, p59 
Square, §13, p7; §18, p19 
To inscribe, in circle, §13, p64 
-thread screws, §14 p37 
Stanchions, §15, pll 
or pillars, §16, p20 


letters, 


Intersection of, $19, p99; 


INDEX 


Standard bolt heads and nuts, Diagram of, 
§14, p43 
Stapling, §15, pp47, 51 
Starboard, §15, p4 
Stations, §15, p27 
Steamers, Well-deck, $15, p13 
Steamship, §15, p2 
Steel girders, $14, p89 
Indicating, on drawings, $14, p15 
Stem, §15, p4 
Plan of, S17; p2t 
Plate 1059, §17, p8 
Sections of, $17, p15 
Stern, §15, p4 
frame and rudder, §17, p22 
frame and rudder arrangement, 
1060, §17, p27 
frame and rudder details, Plate 1061, §17, 
p42 
-frame plan, §17, p33 
Stiffeners, $14, p89; §16, p52 
Bulkhead, §16, p57 
Stone and glass, Indicating, on drawings, 
$14, pls 
Straightedge, §18, p19 
Strake, Garboard, §15, pll 
Topside and sheer, §15, pll 
Strakes, $16, p7 
Thickness and width of, $16, p7 
Outside and inside, §15, p41 
Strap, Angle butt, §15, p43 
Strapped joint, §15, p40 
Straps, laps, and rivets, 
pp43, 44, 46, 48 
Thickness of butt, $15, p46 
Stretchout, §20, pl4 
for parallel solids, §20, p14 
for radial solids, §20, p39 
Laying off, $20, p16 
Stringer angle, $16, p46 
Bilge, $16, p60 
plate and shell connection, $16, p46 
Stringers, Side, §15, pll 
Structural details, §15, p39 
rivets, Conventional signs for, $14, p12 
Stud bolt and cross-section paper, Sketch 
of, $18, p4 
Suggestions for making the pencil drawing, 
§14, p18 
Summer tanks, §15, p20 
Surface gauge, $18, p21 
Surfaces bounded by curved lines, §19, p44 
Hidden, §19, p58 
in a pattern, how related, §20, pl 
Inclined position of, $19, pi0 
Irregularly outlined, §19, p48 
Oblique irregular, §19, p54 


Plate 


Tables of, §15, 


Xill 


Surfaces, oblique, Position of, $19, p49 
Plane, §19, p36 
Projection of, $19, pp48, 54 
Swivel and swivel pin, §16, p73 
Symbols, Drawing-room, §14, p11 
Symmetrical objects, Views of, §18, p13 
parts, Method of indicating, $14, p18 


T 


Tables, Useful, $14, p46 
T bar, §14, pll 
joint, Pattern for, $20, p25 
square, §13, p15 
Tangent, §13, p8& 
Tank steamer, §15, p20 
top, §15, pll 
top or inner bottom, Molded line of, $16, 
p6 
Tap, Meaning of, on drawing, §14, p? 
Tapes, Steel, §18, pi9 
Templets, or templates, §16, pt 
Terms, Shipbuilders’, §15, p3 
Thickness, Measuring, $18, p24 
of plates and other members, 
change of, §16, p24 
Third-angle projection, §14, p23; §19, p7 
-angle projection, Reading, $19, p57 
Thread, Method of indicating location of 
hidden screw, §14, p39 
of screw, Point, bottom, 
depth of, §14, p29 
of worm, Method of drawing, §14, p53 
on pipe, Length of perfect and imperfect, 
$14, p52 
Pitch and lead of, $14, p30 
Single, double, and triple, $14, p30 
Threads, Conventional method of indicat- 
ing screw, $14, pp36, 38 
of screws, Methods of drawing, $14, p31 
Pipe, $14, p51 
Right- and left-hand, $14, pp3l, 33 
Three-deck ship, §15, p14 
Thumbtacks, $13, p15 
Tiller, §17, p23 
Title and number of drawing, $14, pS 
Toe of channels and angles, $15, p52 
Ton, §15, p3 
Tonnage, §15, p16 
Top chords, §14, p89 
Topping lift, §16, p67 
Topside strake, $15, pli 
Trace of margin, $16, p54 
Tracer, Duties of, $14, p4 
Tracing an outline, §18, p8 
cloth, Erasing on, §14, p21 
cloth, Use of powder on, §14, p20 
the drawing, §14, p19 


Port: ‘of 


height, and 
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Tracings and pencil drawings, §14, pl0 
Expansion and contraction of, $14, p20 
When to ink in center lines on, $14, p20 

Transverse bulkhead, Plate 1055, §16, p52 
framing, §15, pll 

Trapezium, §13, p7 

Trapezoid, §13, p7 

Triangle, §13, pp5, 6; $19, pS1 

Triangles, Drawing with, §13, p17 

Triangulation, $20, p49 
Basis of, §19, p35 
Modified methods of, $20, p60 

Trim, §15, p4 

Triple thread, §14, p30 

True edge lines, §20, p4l 
length of lines, how found, $19, p35 

Trunk, Expansion, §15, p20 

Tumble-home, §15, p33 

Turning fit, §14, p9 

Two-deck vessel, $15, p9 

Types of ships, §15, p7 


U 
Useful tables, $14, p46 


U. S. Standard, or American, thread, §14, 
p34 


Vv 


Vangs, §16, p66 
Variation in size of material, Allowable 
§16, p14 
Vertex of pyramid or cone, §13, p12 
Vertical keel, §15, pll 
keel, Detail of, §16, p40 
keel, or center-line keelson, §16, p31 
lettering, Single-stroke, §13, p44 
line, $13, p3 
plane, §19, p6 
Vessel, §15, pl 


INDEX 


Views, Foreshortened, §19, p10 
Full, §19, p43 
necessary in projection, §19, p6 
Position of full, §16, p52 
Views, Positions of, §14, p23 


Ww 


Washer, Views of a circular cast-iron, §13, 
p86 
Water, Indicating, on drawings, §14, p15 
-ballast tanks, §15, Fig. 8 
-line coefficient, §15, p6 
-lines, §15, pp21, 28 
-tight door, Plate 1058, §17, pl 
-tight joints, §15, p60 
Ways, Ship on launching, $15, p25 
Web frames, §15, pll; §16, p57 
plate, §14, p89 
Wedge, Details of, §17, p5 
Views of, $13, p79 
Weight, Dead, §15, p3 
of plates and shapes, $15, p47 
Well-deck steamers, §15, pl3 
Wheel or pulley, Measuring the diameter 
of, §18, p25 
Wire diameter, §16, p71 
gauge, Morse twist-drill and steel-, §14, 
p49 
Wood fiber and rubber, 
drawings, §14, p15 
Indicating, on drawings, $14, p15 
screws, Table of standard machine and, 
§14, p48 
Working drawings, $14, pl; §19, p2 
Worm, Method of drawing, $14, p53 


Indicating, on 


Z 


Z bar, $14, pil 
Zones, Development of sphere by, §20, p64 


